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Subject: Proposal for the amendment of Annex 10
concerning Standards and Recommended Practices
(SARPs) relating to the very high frequency (VHF)
digital links, alternative provisions for aeronautical
mobile-satellite (route) service (AMS(R)S), updates of
references to the International Telecommunication
Union (ITU) Radio Regulations and digital voice
switching and signalling

Action required: Comments to reach Montreal by

12 October 2000
Sir/Madam,
1. I have the honour to inform you that the Air Navigation Commission, at the eleventh meeting

of its 154th Session, held on 15 June 2000, considered a proposal developed by the seventh meeting of the
Aeronautical Mobile Communications Panel (AMCP) to amend Standards and Recommended Practices
(SARPs) in Annex 10 — Aeronautical Telecommunications.

2. The proposed amendment to SARPs at Attachment A to this letter is to update the references
to the International Telecommunication Union (ITU) Radio Regulations that are contained in Annex 10,
taking into account the current numbering scheme of the Radio Regulations. This amendment is of an
editorial nature and affects all volumes of Annex 10.

3. The proposed amendment to SARPs at Attachment B to this letter contains the following
changes:

a) introduction of provisions for an integrated voice and data link system, recommended
by the Special Communications/Operations Divisional Meeting (1995)
(SP COM/OPS/95) (VDL Mode 3);
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b) introduction of provisions for a data link satisfying surveillance applications as
recommended by the SP COM/OPS/95 (VDL Mode 4);

c) deletion of all the provisions for VDL Mode 1, as no plans for implementation of
Mode 1 exist and implementation of VDL Mode 2 is imminent; and

d) removal of the detailed technical specifications for Mode 2, which are deemed
appropriate for publication in a separate ICAO manual on VDL Mode 2 (see below).

4. Detailed technical specifications supplementing the amendments indicated above will be
published as Manuals on VDL Mode 2, VDL Mode 3 and VDL Mode 4 Technical Specifications. Copies of
the current draft versions of those documents are available upon request.

5. The proposed amendment to SARPs at Attachment C to this letter introduces new provisions
for AMS(R)S, as an alternative to those already in existence and contained in Volume III, Part I, Chapter 4.

6. The proposed amendment to SARPs at Attachment D to this letter is a consequential change
to the existing AMSS SARPs, clarifying the Standards applicable to geostationary satellite systems after the
introduction of the new provisions in Attachment C.

7. The proposed amendment to SARPs at Attachment E updates the provisions on utilization
of the VHF bands to accommodate the introduction of VDL Mode 3 (Attachment B refers).

8. At the same meeting, the Air Navigation Commission also considered a proposal developed
with the assistance of the ATS Voice Switching and Signalling Study Group (AVSSSG) to amend Standards
and Recommended Practices (SARPs) in Annex 10 — Aeronautical Telecommunications, Volume 11 —
Communication Systems, Part Il — Voice Communication Systems.

9. The proposed amendment to SARPs at Attachment F to this letter updates the provisions
relating to aeronautical speech circuits, taking into account technological advances in digital voice switching
and signalling systems.

10. Detailed technical specifications supplemenfing the amendment in Attachment F will be
published as the Manual on ATS Ground Voice Networks. Copies of the current draft version of this
document are available upon request.

11. The Air Navigation Commission carried out a preliminary review of the proposals and
agreed that they should be submitted to Contracting States and international organizations for comments.

12. May I request that any comments you may wish to make on the amendment proposals be
dispatched to reach me not later than 12 October 2000. The Air Navigation Commission has asked me to
specifically indicate that comments received after the due date may not be considered by the Commission
and the Council. In this connection, should you anticipate a delay in the receipt of your reply, please let me
know in advance of the due date.

13. For your information, the proposed amendment to Annex 10 is envisaged for applicability
on 1 November 2001. Any comments you may have thereon would be appreciated.
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14. The subsequent work of the Air Navigation Commission and the Council would be greatly
facilitated by specific statements on the acceptability or otherwise of the proposal. Please note that, for the
review of your comments by the Air Navigation Commission and the Council, replies are normally classified
as “agreement with or without comments”, “disagreement with or without comments” or “no indication of
position”. If in your reply the expressions “no objections” or “no comments” are used, they will be taken to
mean “agreement without comment” and “no indication of position”, respectively.

Accept, Sir/Madam, the assurances of my highest consideration.

Enclosures:
Attachment A —

Attachment B —

Attachment C —

AttachmentD —

Attachment E —

Attachment F —

Proposed amendment to Annex 10,
all volumes (References to Radio
Regulations)

Proposed amendment to Annex 10,
Volume III, Part I, Chapter 6 (VDL
Modes 1, 2, 3 and 4)

Proposed amendment to Annex 10,
Volume I, Part I, Chapter 12
(AMSS; alternative provisions)
Proposed amendment to Annex 10,
Volume - IlI, Part I, Chapter 4
(AMSS)

Proposed amendment to Annex 10,
Volume V, Chapter 4 (Channel
labelling VDL Mode 3)

Proposed amendment to Annex 10,
Volume I, Part II, Chapter 4
(ATS speech circuits)
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o
R.C.[fosta Pereira
Secretary General



ATTACHMENT A to State letter AN 7/1.3.81-00/70

PROPOSED AMENDMENT TO
ANNEX 10, VOLUMES L IL IIL, IVAND V

(REFERENCES TO RADIO REGULATIONS)

NOTES ON THE PRESENTATION OF THE AMENDMENT TO ANNEX 10

The text of the amendment is arranged to show deleted text with a line through it and new text highlighted
with grey shading, as shown below:

text to be deleted
new text to be inserted

new text to replace existing text
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INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES

AERONAUTICAL
TELECOMMUNICATIONS

ANNEX 10
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME 1
(RADIO NAVIGATION AIDS)

Note 1.— All references to “Radio Regulations” are to the Radio Regulatzons published by the
International Telecommunication Union. Radio Regulations. are?amendedﬁom timefo tl ne by the decisions
embodied in the Final Acts of World Radio Conferences heldno ; nformation
onthe ITffpr_ szm,ses as theyrelate fo aeronautical radio system ﬁequency use is eontamed ' the Handbook
on Radio Frequency Spectrum Requirements for Civil Aviation including Statement of Approved ICAO
Policies (Doc 9718).

CHAPTER 3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

3.1.7 VHF marker beacons

3.1.7.2.1 The marker beacons shall operate at 75 MHz with a frequency tolerance of plus or minus 6-61
0.005 per cent and shall utilize horizontal polarization. As-from—Hanuary-1985-aitnewly-instatted-marker
‘ bt 6 ] £ s 0-005 s fror i 1990+hi L.
appties-foralt-marker-beacons:
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3.4 Specification for
non-directional radio beacon (NDB)

3.4.6.6 The bandwidth of emissions and the level of spurious emissions shall be kept at the lowest value
which the state of technique and the nature of the service permit.

Note.— Article5 5.3 of the Radio Regulations contains the general provisions with respect to technical

charactertstzcs of equzpmem‘ and emissions. -Tofamcmﬂhv'especnoapmm-enm'npeqﬁedm

Bandwidth, ﬁequew/ggfer e. am? ,gémrzaus emmlbns (sée Appendwes $1,52, a

3.6 Specification for en-route
VHF marker beacons (75 MHz)

3.6.1 Equipment

3.6.1.1 Frequencies. The emissions of an en-route VHF marker beacon shall have a radio frequency of
75 MHz plus or minus 0.0205 per cent—As-fromtJanuary1+985-atnew-instalted-en=route-VHmarker
‘ hatt G l Eot 1s6-005 A frer i 1990+hi L
appties-for-atten-route- Vi markerbeacons:
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ATTACHMENT C. INFORMATION AND MATERIAL FOR GUIDANCE
IN THE APPLICATION OF THE STANDARDS AND RECOMMENDED PRACTICES
FORILS, VOR, PAR, 75 MHz MARKER BEACONS (EN-ROUTE), NDB AND DME

3.1.2 Nominal values of the necessary ERP to achieve a field strength of 90 microvolts per metre (minus
107 dBW/m?) are given at Figure C-13. For coverage under difficult terrain and siting conditions, it may be
necessary to make appropriate increases in the effective radiated power. Conversely, practical experience
has shown that under favourable siting conditions, and under the less pessimistic conditions often found in
actual service, satisfactory system operation is achieved with a lower ERP.

Note.— The nominal effective radiated powers, expressed as a function of level and range, are based upon
consideration of basic theoretical data from various sources (such as €EIRITU-R, NBS, etc.) modified
empirically to reflect typical operational experience.

6.3.2 Assumptions

3. The level of atmospheric noise (RMS) which is likely to prevail: 1) by day, 2) by night, over land masses,
within the belts of latitude mentioned. [The values of expected noise have been derived from
Recommendation ITU-R P.372-6-Report No—65-of the-VHith-Plemary Assembly-of the- CEHR-(Warsaw,
1956);and-theIXthPlenaryAssembly-of the- CEIR(FosAngeles;1959) and have been taken as the

average noise by day and by night during equinox periods, i.e. the values which are likely to be exceeded
20-25 per cent of the year.]
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VOLUME 11

(COMMUNICATION PROCEDURES
including those with PANS status)

CHAPTER 1. DEFINITIONS
When the following terms are used in this publication, they have the meaning prescribed in this chapter:

Note 1.— A list of additional specialized communication terms and their definitions is contained in
Attachment A.

 Note ; these definitions indicates a definition which
ﬁ'am the Radio Regulatzons oft ,,aJTU ( see ICAO Handbook Doc 971 -AN/95?)

1.1 Services

Aeronautical mobile service (RR $1.32). A mobile service between aeronautical stations and aircraft
stations, or between aircraft stations, in which survival craft stations may participate; emergency
position-indicating radiobeacon stations may also participate in this service on designated distress and
emergency frequencies.

Aeronautical mobile (R) * sewice;@RSI.S?). An aeronautical mobile service reserved for communications
relating to safety and regularity of flight, primarily along national or international civil air routes.

Aeronautical mobile-satellite service ( 3133) A mobile-satellite service in which mobile earth stations
are located on board aircraft; survival craft stations and emergency position-indicating radiobeacon
stations may also participate in this service.

Aeronautical mobile-satellite (R) *service«(kk’s; 6). An acronautical mobile-satellite service reserved for
communications relating to safety and regularity of flights, primarily along national or international civil
air routes.

Aeronautical radio navigation servzce(llRSIlé) A radio navigation service intended for the benefit and
for the safe operation of aircraft.

Note.— The following Radio Regulations are quoted for purposes of reference and/or clarity in
understanding of the above definition of the aeronautical radio navigation service:

Radio navigation: Radiodetermination used for the purpose of navigation, including
obstruction warning.

* route
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,

RR16S1.9 Radiodetermination: The determination of the position, velocity and/or other
characteristics of an object, or the obtaining of information relating to these
parameters, by means of the propagation properties of radio waves.

1.2 Stations

Aeronautical station%iﬁﬁﬁ;w .31). A land station in the aeronautical mobile service. In certain instances, an
aeronautical station may be located, for example, on board ship or on a platform at sea.

Aircraft station (RR SL .?j A mobile station in the aeronautical mobile service, other than a survival craft
station, located on board an aircraft.

Radio direction finding (i 12}, Radiodetermination using the reception of radio waves for the purpose
of determining the direction of a station or object.

Radio direction-finding station (KR S$1.91). A radiodetermination station using radio direction finding.

1.3 Communication methods

Telecommunication { 3). Any transmission, emission, or reception of signs, signals, writing, images
and sounds or intelligence of any nature by wire, radio, optical or other electromagnetic systems.
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1.8 Miscellaneous

Frequency channel. A continuous portion of the frequency spectrum appropriate for a transmission utilizing
a specified class of emission.

Note.— The classification of emissions and information relevant to the portion of the frequency

spectrum appropriate for a given type of transmission (bandwidths) is specified in the ITU Radio
Regulations, Article~# S2 and Appendix SI;-RR-264toRR-273-inctusive.

CHAPTER 5. AERONAUTICAL MOBILE SERVICE

5.1.8.2  Urgency messages and urgency traffic, including messages preceded by the medical
transports signal, shall be handled in accordance with the provisions of 5.3.

Note.— The term “medical transports” is defined in the 1949 Geneva Conventions and Additional
Protocols (see also RR §33 Section III) and refers to ‘any means of transportation by land, water, or air,

whether military or civilian, permanent or temporary, assigned exclusively to medical transportation and
under the control of a competent authority of a Party to the conflict’.

5.2 Radiotelephony procedures

Note 1.— The pronunciation of the words in the alphabefm Welfavﬁymbaﬁs may vary according
to the language habits of the speakers. In order to eliminate wide variations in pronunciation, aposter
oP674)- posters illustrating the-desired pronunciation-is desire | are available from ICAO.

Note 2.— The Spelling Alphabet specified in 5.2.1.2 is also prescribed for use in the Maritime
Mobile Service (ITU Radio Regulations, Appendix2+4S14).

Figure 5-1. The Radiotelephony Spelling Alphabet (see 5.2.1.2)
5.2.16 Calling

5.2.1.6.1 Radiotelephony call signs for aeronautical stations



- Note— The formation of call sig

o ITU Radio Regulations S19 Section Il and
Section VI

5.2.1.6.2.1 Full call signs

5.2.1.6.2.1.1 An aircraft radiotelephony call sign shall be one of the following types:

Note 2 Thecatls: erredttorina)bamd oot . s rotions , "

Note 32.— The telephony designators referred to in b) and c) above are contained in ICAO
Doc 8585 — Designators for Aircraft Operating Agencies, Aeronautical Authorities and Services.

Note 4#3.— Any of the foregoing call signs may be inserted in field 7 of the ICAO flight plan as the
aircraft identification. Instructions on the completion of the flight plan form are contained in PANS-RAC,
Doc 4444.

5.3 Distress and urgency radiotelephony
communication procedures

5.3.1 General

Note.— The distress and urgency procedures contained in 5.3 relate to the use of radiotelephony.
The pro sions of Arti le-39.$'30 13 of the ITU Radzo Re lations are generally applchble,
; ‘ / ‘ gpeezaf mgaments b t‘i;?een

service; and are also applicable to radiotelephony commumcatzons between aircraft stations and stations
in the maritime mobile service.

CHAPTER 6. AERONAUTICAL RADIO NAVIGATION SERVICE

6.2.12 According to the estimate by the direction-finding station of the accuracy of the
observations, bearings and positions shall be classified as follows:



Editorial Note.— RRs no longer have a Table of Classification for bearings.

VOLUME II1
(COMMUNICATION SYSTEMS)

PART I — DIGITAL DATA COMMUNICATION SYSTEMS
CHAPTER 1. DEFINITIONS

Note 1.—All references to “Radlo Regulatzons are to the Radio Regulatzons published by the

* o&y.ste', fre ilueney"‘

uirements for Civil Aviation including’

CHAPTER 4. AERONAUTICAL
MOBILE-SATELLITE SERVICE

4.2.1.1 USE OF AMS(R)S BANDS

Note.— Categories of messages, and their relative priorities within the aeronautical mobile (R)
service, are given in Annex 10, Volume II, 5.1.8. These categories and priorities are equaIIy valid for the
aeronautical mobzle-(R) satelltte (R) service (see ITU Radio Regulatzon-h’o—:?ﬁfdméfe ;3?4)

42.1.1.1 Every aircraft earth station and ground earth station shall be designed to ensure that
messages defined in Annex 10, Volume I, 5.1.8 are not delayed by the transmission and/or reception of other
types of messages employing frequencies within the bands stated in 4.2.1.2 and 4.2.1.3 or other frequencies
to which the station can tune. Message types not defined in Annex 10, Volume II, 5.1.8 shall be terminated
if necessary, and without warning, to allow Annex 10, Volume I1, 5.1.8 type messages to be transmitted and
received.

Note.— See ITU Radio Regulations, ArticIe-Bé&i‘, No.- 7294 35 374
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42.1.2.3 Recommendation.— The aircraft earth station should also be capable of receiving in
the frequency band 1 525 to 1 544 MHz.

Note.— The band 1 525 to 1 544 MHz may be used to communicate for purposes of distress and
public correspondence with stations of the maritime mobile-satellite service in accordance with-No—3571
ofthe-ITU Radio Regulations Article S41.

42.1.3.3 Recommendation.— The aircraft earth station should also be capable of transmitting
in the frequency band 1 626.5 to 1 645.5 MHz.

Note.— The band 1 626.5 to 1 645.5 MHz may be used to communicate for purposes of distress and
public correspondence with stations of the maritime mobile-satellite service in accordance with-No—3571
ofthe ITU Radio Regulations Article S41.

423.1.2  Polarization. The polarization shall be right-hand circular for both recelvmg and
transmitting, in accordance with the definition of-EEIR—Recommendation573 ITU Radmf;,; gulatio
No. S1.154.

4.3.3 Demodulator performance. Where the channel rates are implemented as defined in 4.1, the
bit error rate (BER) performance of the channel demodulators after descrambling shall be equal to or better
than that shown in Table 4-8. This performance shall be attained under the following conditions:

a) in the presence of two adjacent interfering carriers on either side of the wanted carrier at a
level of 5 dB higher than the wanted carrier with a frequency uncertainty from the nominal
carrier spacing as specified and for the AES demodulator with the AES operating up to its
maximum allowable operating EIRP;

b) while receiving a signal transmitted with the maximum phase noise characteristics described
in 4.2.3.5.9;
c) during 12° RF phase discontinuities occurring at the rate of one per second; and

d) under Rician channel conditions for fading bandwidths of 20, 60 and 100 Hz with a carrier
to multipath ratio of 7 dB for systems using a low gain antenna or low and high gain
antennas; or 10 dB for systems using only a high gain antenna.
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4422.5.1 Scrambling. A scrambler with a 15-stage generator register shall be used for data
scrambling before FEC coding. The polynomial for the generator register of the scrambler and the
descrambler shall be 1 + X + X'°. The scrambler and descrambler shall be clocked at the information rate
with the first scrambled bit output before the first shift. In the absence of programming commands, the shift
register shall be initialized to 1101 0010 1011 001 (leftmost bit in shift register stage 1) at the beginning of
the information field of each frame. The scrambler and descrambler functions shall be as illustrated in
Figure 4-3. The scrambler shall be re-initialized at the beginning of the information field of each frame.

Note.— The concept of a scrambler is explained' i—EEHR—Report—384=31T
Recommendation 5.446-4, Annex I, Section 4.3.1; Method 1

CHAPTER 6. VHF AIR-GROUND DIGITAL LINK (VDL)

6.1.4.1.1 The radio frequencies used shall be selected from the radio frequencies in the
band 117.975 — 137 MHz in accordance with the conditions ofITU Radio Regulationg595. The lowest
assignable frequency shall be 118.000 MHz and the highest assignable frequency shall be 136.975 MHz. The
separation between assignable frequencies (channel spacing) shall be 25 kHz.

6.2.3.1 Spurious emissions shall be kept at the lowest value which the state of the technique and
the nature of the service permit.

Note.— Appendix-8 83 to the Radio Regulations specifies contains-the-toterancesfor the levels of
spurious emissions to which transmitters must confornrinaccordance-with-Radio-Regulation 30+

6.3.3.1 Spurious emissions shall be kept at the lowest value which the state of the technique and
the nature of service permit.

Note.— Appendix-8 83 to the Radio Regulations Specifies-containsthe-toterancesfor the levels of
spurious emission to which transmitters must conform-in-accordonce-with-Radio-Reguiation364.

6.4.3.1.6  Bit scrambling. To aid clock recovery and to stabilize the shape of the transmitted
spectrum, bit scrambling shall be applied. The pseudo noise (PN) sequence shall be a 15-stage generator (see
Figure 6-12) with the characteristic polynomial:
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The PN-sequence shall start after the frame synchronization pattern with the initial value 1101 0010 1011
001 with the left-most bit in the first stage of the register as per Figure 6-1. After processing each bit, the
register shall be shifted one bit to the right. For possible encryption in the future this initial value shall be
programmed. The sequence shall be added (modulo 2) to the data at the transmit side (scrambling) and to
the scrambled data at the receive side (descrambling) per Table 6-4.

Note.— The concept of a PN scrambler zs) explamed in—the—International-Radio—~Consultative

Committee (CEHRReport 3843111 6-4, Annex IH, Section-3 4. i}’ Method 1 (see
Appendix A).

Appendix to Chapter 6

REFERENCES

3. BACKGROUND REFERENCES

The following documents are listed as reference material.

., . Date
Originator Title published
CCSDS Telemetry Channel Coding, Recommendation for Space 5/92

Data System Standards, Consultative Committee for
Space Date System, CCSDS 101.0-B-3, Blue Book
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Attachment A to Part I -

GUIDANCE MATERIAL FOR AERONAUTICAL
MOBILE-SATELLITE SERVICE

2.1.1 Message categories. The transmission sequence at any aircraft earth station (AES) or ground
earth station (GES) will be ordered in accordance with a given priority scheme. At the subnetwork interface
to the AMSS, the priority scheme for packet data is as described in Annex 10, Volume III, Part I, Chapter 4,
Table 4-26. Within the AMSS, this external priority scheme is augmented with internal priorities assigned
to various signalling and voice-related functions. At the link layer this augmented priority scheme is referred
to as the Q-precedence number and the resulting internal priority scheme is given in Table A-3 of this
guidance material. This “Q-precedence” number list conforms to Annex 10 priorities, which in turn are
derived from Article5t S44 of the ITU Radio Regulations. The single Q-precedence list includes both voice
and data traffic, and also includes the signalling necessary to integrate voice and data. The Q-precedence
numbers associated with the signalling were chosen to optimize the over-all system performance and

integrity.

2.5.5 Frequency management. Careful frequency management is needed because:

a)

b)

c)

AMSS includes safety services;

there is concern about the availability of adequate AMSS spectrum, and adequate capacity
for AMSS safety services; and

the difficulty in co-ordinating mobile satellite networks due to the poor discrimination
characteristics of mobile station antennas.

Guidelines that should be considered when co-ordinating frequency plans to minimize intra and interservice
interference include:

a)

b)

<)

d)

compliance with the relevant ITU Radio Regulations;

each provider should provide monitoring facilities to identify the actual usage of AMS(R)S
and non-AMS(R)S communications;

in those AMSS systems with global and spot beams, operational measures to minimize the
amount of global bandwidth used and to maximize the use of spot beams;
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2.6.2 Intersystem interference. Intersystem interference refers to interference to an AMS(R)S
service from any other system, whether it is providing AMS(R)S services or otherwise. Required
performance should be maintained at whatever level of interference is adopted as operable through
co-ordination among the particular satellite system operators. As a minimum, the AMSS satellite system
should provide adequate performance in the presence of single-entry interference resulting in a aT/T of 6 per
cent, as adopted by WARC-ORB-88 as the threshold requiring co-ordination between satellite systems. A

suggested criterion for aggregate interference due to all sources, including intrasystem interference, is a aAT/T
of 20 per cent.
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VOLUME III .
(COMMUNICATION SYSTEMS)

PART II — VOICE COMMUNICATION SYSTEMS
CHAPTER 2. AERONAUTICAL MOBILE SERVICE

2.1 AIR-GROUND VHF COMMUNICATION
SYSTEM CHARACTERISTICS

2.1.1.2 Spurious emissions shall be kept at the lowest value which the state of technique and the
nature of the service permit.

Note.— Appendk%% to the ITU Radio Regulations specifiescontainsthe-toterancesfor-the levels
of spurious emissions to which transmitters must conform-in-accordance-with-RR-36+.

2.1.1.3  The radio frequencies used shall be selected from the radio frequencies in the band
117.975 - 136 MHz and the band 136 — 137 MHz subject to the conditions of Radio Regulation 595. The
separation between assignable frequencies (channel spacing) and frequency tolerances applicable to elements
of the system shall be as specified in Volume V.

Note.— The band 117.975 — 132 MHz was allocated to the Aeronautical Mobile (R) Service in the
Radio Regulations (1947). By subsequent revisions-to-theRegutations at ITU World Administrative
) Conferences the bands 132 ~ 136 MHz and 136 — 137 MHz were added-to-the<Riattocation under
condmons which di Jer Jor ITU Regions, or for specified countries or combinations of countries (see
i dditi Jocations i int i% MHz, and 55,201 for

2.4 SINGLE SIDEBAND (SSB) HF
COMMUNICATION SYSTEM
CHARACTERISTICS FOR USE IN THE
AERONAUTICAL MOBILE SERVICE

24.1.1 FREQUENCY RANGE
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2.4.1.1.1  HF SSB installations shall be capable of operation at any SSB carrier (reference)
frequency available to the Aeronautical Mobile (R) Service in the band 2.8 MHz to 22 MHz and necessary
to meet the approved assignment plan for the region(s) in which the system is intended to operate, and in
compliance with the relevant provisions of the Radio Regulations.

Note 1.— See Introduction to Volume V, Chapter 3 and Figures 2-1 and 2-2.

Note 2.— ﬂwﬂxﬂumﬁnmddrmmﬁﬁneﬂudwﬁwﬁramrﬁbﬁ@—@wmmﬁ%&—mmbhshed
anAttotment Plan(Appendix27tothe RudioRegutations)—The ITU World Administrative Radio Conference,

Aeronautical Mobzle»(_ Servzce Geneva 1978 stablzshed‘
Radzo Regulatton.s) in;

c)—where-Appendix-27-Aer2-channels-are-used-thecarrier(reference)-frequency-shatt-be
. formrity-with-the-table-at-2716-of A 29 Aer-

24.13.2 Witheffectfromtebruary 1983 c@hannel utilization shall be in conformity with the

table of carrier (reference) frequencies at 27/16 and the Allotment Plan at 27/186 to 27/2(2’)7Mir}1clusive (or
frequencies established on the basis of 27/21, as may be appropriate) of Appendix 27 M%ﬁ

24.1.8.1 Aeronautzpql station mstallattons Except as permitted by the relevant provisions of
Appendix 27-Aer2 827 to the ITU Radio Regulations the peak envelope power (P,) supplied to the antenna

transmission line for H2B, H3E J3E J7B or J9B classes of emissions shall not exceed a maximum value of
6 kW.

2.4.1.8.2  Aircraft station installations. The peak envelope power supplied to the antenna
transmission line for H2B, H3E, J3E, J7B or B classes of emission shall not exceed 400 W except as
provided for in Appendix 27Aer2: 52'7 of the I'TU Radio Regulations as follows:




S27/62 68

S27/54 60
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It is recognized that the power employed by aircraft transmitters may, in practice, exceed
the limits specified in No. 2754 60. However, the use of such increased power (which
normally should not exceed 600 /¥ P, shall not cause harmful interference to stations using
frequencies in accordance with the technical principles on which the Allotment Plan is
based.

Unless otherwise specified in Part II of this Appendix, the peak envelope powers supplied
to the antenna transmission line shall not exceed the maximum values indicated in the table
below; the corresponding peak effective radiated powers being assumed to be equal to
two-thirds of these values:

Max. peak
envelope

Class of emission Stations power (P,
H2B, J3E, J7B, Aeronautical stations 6 kW
J9B, A3E*, H3E* Aircraft stations 400 W
(100% modulation)
Other emission Aeronautical stations 1.5 kW
such as A1A, F1IB  Aircraft stations 100 W
* A3E and H3E to be used only on 3 023 kHz and 5 680 kHz;as

CHAPTERS. EMERGENCY LOCATOR TRANSMITTER (ELT)
FOR SEARCH AND RESCUE

5.2 SPECIFICATION FOR THE 121.5 MHZ
COMPONENT OF EMERGENCY
LOCATOR TRANSMITTER (ELT)
FOR SEARCH AND RESCUE

Note}?ii,—lnformation on technical characteristics and operational performance of 121.5 MHz ELTs
is contained in RTCA Document DO-183 and European Organization for Civil Aviation Equipment
(EUROCAE) Document ED.62.
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5.3.1 Technical characteristics

Note 1.— T ransmission qharqctertstlcs Jfor emergency locator transmitters operating on 406 MHz
are contained in ITUAR Recommendation M.633/-1.

APPENDIX 1 TO CHAPTER 5. EMERGENCY LOCATOR
TRANSMITTER CODING
(see Chapter 5, 5.3.2)

Note.— A detailed description of beacon coding is contained in ITU#R Recommendation
The following information is specific to emergency locator transmitters used in aviation.

22 For ELTs with no navigation data provided, the short message format described in ITU/
R Recommendatmg M.6337#-1 shall be used, making use of bits 1 through 112.

234 A country code, which indicates the State where additional data are available on the
aircraft on which the ELT is carried, shall be contained in bits 27 through 36 which designate a three-digit
decimal country code number expressed in binary notation.

Note—E: b5 are-basedonthed orrl ok ccation-EhiontEFED ;
ovrrin Farblet-of Avmendied-of thetFii-Radio-Rezlations .
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VOLUME 1V
(SURVEILLANCE RADAR AND COLLISION AVOIDANCE SYSTEMS)

CHAPTER 1. DEFINITIONS

the Handbook on Radm Frequency Spectrum Reqmrements;_ or. Cm,} : Ainatmn mclndmg Statement of
Approved ICAO Policies (Doc 9718).

Note 2.— The Mode S extended squitter system is subject to patent rights from the Massachusetts
Institute of Technology (MIT) Lincoln Laboratory. On 22 August 1996, MIT Lincoln Laboratory issued a
notice in the Commerce Business Daily (CBD), a United States Government publication, of its intent not to
assert its rights as patent owner against any and all persons in the commercial or non-commercial practice
of the patent, in order to promote the widest possible use of the Mode S extended squitter technology.
Further, by letter to ICAO dated 27 August 1998, MIT Lincoln Laboratory confirmed that the CBD notice
has been provided to satisfy ICAO requirements for a statement of patent rights for techniques that are
included in SARPs, and that the patent holders offer this technique free of charge for any use.
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VOLUME V
(AERONAUTICAL RADIO FREQUENCY SPECTRUM UTILIZATION)

CHAPTER 1. DEFINITIONS

Note.— All references to “Radio Regulat jons” are. ta ‘the Radio Regulatzons published by the
International Telecommumcatzon Uman Rad) égulatzgns are amended /from time to time by the dectszans
embodied in the Final Acts of World Radio Canferenees;held nommally each twoyears. Further mforrnatzon
onthe ITU, processes as they relate to aeronautical radio system frequency use is coniamed inthe Handbook
on Radio Frequency Spectrum Requ:rements for Civil Avxanon including Statement of Approved ICAO
Policies (Doc 9718).

Frequency channel. A continuous portion of the frequency spectrum appropriate for a transmission utilizing
a specified class of emission.

Note.— The classification of emissions and information relevant to the portion of the frequency
spectrum appropriate for a given type of transmission (bandwidths) are specified in the Radio Regulations,
Article #S2 and Appendix SIRR264toRR273inctusive.

CHAPTER 2. DISTRESS FREQUENCIES
Introduction

Note.— ITU Radio Regulations Article S30 provzdes general conditions Jor distress and safety
communications for all mobile services. Appendix S13 designates the frequencies to be. wused for these
situations. The aeronautical mobile services is also permitted under Appendlx 813, PartAI §1 to conform
1o special arrangements between governments where these have been agreed. ICA O Annexes constitute such
agreements.

The frequency 2 182 kHz also offers possibilities for communication between aircraft and stations
of the Maritime Mobile Service. The-current ITU Radio Regulations specify(RR-2973) Appendix S13,
Part A2 that the frequency 2 182 kHz is the international distress frequency for radiotelephony to be used
for that purpose by ship, aircraft and survival craft stations using frequencies in the authorized bands between
1 605 kHz and 4 000 kHz when requesting assistance from the maritime service.

With respect to emergency locator transmitters (ELTs) designed to be detected and located by
satellite, the Radio Regulations authorize the use of these devices, which are referenced in ITU as satellite
emergency position indicating radio beacons (EPIRBs). Radio Regulation649 Appendlx 813 Part A2
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specifies that the band 406 —406.1 MHz is used exclusively by satellite emergency position, indicating radio
beacons in the earth-to-space direction.

The frequency 4 125 kHz is also authorized by the ITU to enable communications between stations
in the maritime mobile service and aircraft stations in distress. The current ITU Radio Regulations (RR
2982AAN298+ $5.130 and Appendix S13) state that the carrier frequency 4 125 kHz may be used by aircraft
stations to communicate with stations of the maritime mobile service for distress and safety purposes. The
aeronautwai moblle (R) freqwnmes 3023 kHz and 5 680 kHz1 may be employed for coordinated search and
rescue operations with the maritime mobile service under RR S5.115.

Similarly, the frequency 500 kHz (RR $5.83) is the international distress frequency for Morse
radiotelegraphy to be used for that purpose by ship, aircraft and survival craft stations using frequencies in
the bands between 4615 kHz and 535 kHz when requesting assistance from the maritime service
(RR-2976 Appendix S13, Part A2).

With respect to survival craft stations, the Radio Regulations provide for the use of the
frequency(ies) 500 kHz, 8 364 kHz, 2 182 kHz, 121.5 MHz and 243 MHz, if the survival craft is capable of
operating in the bands between 4615 — 535 kHz, 4 000 ~ 27 500 kHz, 1605 — 2 850 kHz, 117.975 —
1367 MHz and 235 — 328.6 MHz respectively (RR-366+t0-3668RR Appendix S13 Part A2).

2.1 Frequencies for emergency locator
transmitters (ELT) for search and rescue

Note 1 —ITU Radio Regulations (No-59285.256 and Appendix S13) provide for the use of 243 MHz
in addition to the above frequencies.

CHAPTER 3. UTILIZATION OF FREQUENCIES BELOW 30 MHz
Introduction

High frequency bands allocated to the
Aeronautical Mobile (R) Service

The frequency bands between 2.8 MHz and 22 MHz allocated to the Aeronautical Mobile (R) Service are
given in Article8 85 of the ITU Radio Regulations. The utilization of these bands must be in accordance with
the relevant provisions of the Radio Regulations. Prior to 1 September 1979, the provisions are contained
in the Final Acts of the ITU Extraordinary Administrative Radio Conference (Geneva 1966). On I September
1979, revised provisions came into force, details of which are contained in the Final Acts of the World
Administrative Radio Conference for the Aeronautical Mobile (R) Servzce (Geneva 1978) and Appendix 27
Aer2 to the Radio Regulations, exce, g the FrequencyAllotmen Pla ent ed into force at 0001 urs
UTC IFebruary 1983 ’ !

amendmeﬂts fo fﬁe
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Appendix 27 Aer2. In the utilization of these bands, States’ attention is drawn to the possibility of harmful
radio interference from non-aeronautical sources of radio frequency energy and the need to take appropriate
measures to minimize its effects.

3.1.2.2 UntittFebruary-1983-it-shattbepermissibletousechannets-in-thenewPlan-provided-that
nro-harmful-interference-occurs-tousersof channets—inthepresentPlan—For the operatlonal use of the

channels concerned administrations shall take into account the provisions of 2426527/19 of Appendix 527
Aver2 of the ITU Radio Regulations.

3.1.2.3 Recommendation.— The use of aeronautical mobile (R) frequencies below 30 MHz for
international operations should be co-ordinated as specified in Appendix S27—er2 of the ITU Radio
Regulations as follows:

29/26827/19  The International Civil Aviation Organization (ICAO) co-ordinates radiocommunications
of the Aeronautical Mobile (R) Service with international aeronautical operations and this
Organization should be consulted in all appropriate cases in the operational use of the
frequencies in the Plan.

3.1.2.4 Recommendation.— Where international operating requirements for HF communications
cannot be satisfied by the attotments-inthetableat Nos—27495 027207 inAppendix 27 EARE; F?‘equency
Allotment Plan at Part 2 of Appendix 827 to the Radio Regulations an appropriate frequency-shoutd may

be assigned as specified in Appendix 27#er? S2 7-of the Radio-Regulations-asfottows by the application of
the following provisions:

27/24827/20 It is recognized that not all the sharing possibilities have been exhausted in the Allotment
Plan contained in this Appendix. Therefore, in order to satisfy particular operational
requirements which are not otherwise met by this Allotment Plan, administrations may
assign frequencies from the aeronautical mobile (R) bands in areas other than those to which
they are allotted in this Plan. However, the use of the frequencies so assigned must not
reduce the protection to the same frequencies in the areas where they are allotted by the Plan
below that determined by the application of the procedure defined in Part I, Section II B of
this Appendix.

Note.— Part I, Section II B of Appendix 27 Aer%Z? relates to Interference Range Contours, and
application of the procedure results in a protection ratio of 15 dB.

2%‘2%827]2& When necessary to satisfy the needs of international air operations administrations may
adapt the allotment procedure for the assignment of aeronautical mobile (R) frequencies,
which assignments shall then be the subject of prior agreement between administrations
affected.

2—77‘2382’?3‘22 The co-ordination described in No. 27/26%27/@ shall be effected where appropriate and
desirable for the efficient utilization of the frequencies in question, and especially when the
procedures of No. 27/22827/19 are unsatisfactory.
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3.1.2.5 Theuse of classes of emission J7B and J9B shall be subject to the following provisions
of Appendix §27-Aer2:

For radiotelephony% emissions the audio frequencies will be limited to between 300 and
2 700 Hz and the occupied bandwidth of other authorized emissions will not exceed the
upper limit of J3E emissions. In specifying these limits, however, no restriction in their
extension is implied in so far as emissions other than J3E are concemed prov1ded that the
limits of unwanted emissions are met (see Nos. 2—'»’-!661}3 ]

| On account of the possibility of interference, a given channel should not be used in the same
allotment area for radiotelephony and data transmissions.

The use of channels derived from the frequencies indicated in §27/-1-65f8 for the various
classes of emissions other than J3E and H2B will be subject to special arrangements by the
administrations concerned and affected in order to avoid harmful interference which may
result from the simultaneous use of the same channel for several classes of emission.

3.1.3.1 World-wide frequencies for aeronautical operational control communications are required
to enable aircraft operating agencies to meet the obligations prescribed in Annex 6, Part I. Assignment of
these frequencies shall be in accordance with the following provisions of Appendix 5271‘:&2

A world-wide allotment area is one in which frequencies are allotted to provide long
distance communications between an acronautlcal station within that allotment area and
aircraft operating anywhere in the world *

The world-w1d frequency allotments appearing in the tables at No. §27/-1-89;, ‘5
18 to $27/ 1, except for carrier (reference) frequencies 3 023 kHz
and 5 680 kHz are reserved for assignment by administrations to stations operating
under authority granted by the administration concerned for the purpose of serving one
or more aircraft operating agencies. Such assignments are to provide communications
between an appropriate aeronautical station and an aircraft station anywhere in the
world for exercising control over regularity of flight and for safety of aircraft.
World-wide frequencies are not to be assigned by administrations for MWARA,
RDARA and VOLMET purposes. Where the operational area of an aircraft lies wholly
within a RDARA or sub-RDARA boundary, frequencies allotted to those RDARAs and
sub-RDARAs shall be used.
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i

Note 1.— Tables $27/489213 and §27/395218 to 8§27/267231 appearing in Appendix 527 #er2 to

st

the ITU Radio Regulations refer to, respectively, the Frequency Allotment Plan, listing frequencies by areas,

and the Fi requency Allotment Plan, listing frequencies in numerical order.

CHAPTER 4. UTILIZATION OF FREQUENCIES ABOVE 30 MHz

4.1 Utilization in the band
117.975-137 MHz

Introduction

The band 118 — 132 MHz was allocated in 1947 by the Atlantic City ITU Radio Conference, and again in
1959 by the Geneva Conference, but with extension downwards to 117.975 MHz, for the exclusive use by the

Aeronautzcal Mobtle (R) Sewzce—threhaprer-ofzbmex—fG-deafrmth-Smmimﬁrmrd—Recmnmended

ITU Radio Conferences subsequent to 1947 also made provisions for the use of the band 132 — 136
MH:z for the Aeronautical Mobile (R) Service under conditions which vary for the different ITU Regions,
countries or combination of countries. The utilization of this band has been included in the Allotment Table
in this Chapter—however,—itshoutd-be-kept-in-mind-thot the-use-of frequenciesof the-band-132—136 Mtz
musttake-accommtof theconditionscontained-inthenotesagainst this-band-inthe FFG-AHocation Fable. The
ITU Radio Conference (1979) made provisions for the use of the band 136 — 137 MHz by the Aeronautical
ile (R) Servi i ti he Radi Regulatzons

mterference from non-aeronautical sources of radio frequency energy and the need to take appropriate
measures to minimize its effects.
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4.1.3.1 Emergency channel

Note 2.— The current Radio Regulations make provisions that the aeronautical emergency frequency
121.5 MHz may also be used by mobile stations of the Maritime Mobile Service, using A3E emission to
communicate on this frequency for safety purposes with stations of the Aeronautical Mobile Service (RR593;

2996-md-2994) §5.200 and Appendix S13, ).

4.4 Utilization in the band 5 030.4 — 5 150.0 MHz

Note 1.— Guidance material on the frequency protection planning of MLS facilities is contained in
Attachment G to Volume 1.
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ATTACHMENT A. CONSIDERATIONS AFFECTING THE DEPLOYMENT OF
VHF COMMUNICATION FREQUENCIES

2.4 The following additional assumptions were made in establishing the criteria:

1) Propagation: free space propagation between aircraft. The-€EHR ] «R curves for 100
MHz vertical polarization over land in conjunction with an assumed ground antenna
height of 20 m (65 ft) were used in computing ground-air field strengths.

ATTACHMENT C. GUIDING PRINCIPLES FOR LONG DISTANCE
OPERATIONAL CONTROL COMMUNICATIONS

5. VHF (general purpose or AOC channels) and not HF should be used when an aircraft
is within the coverage of an appropriate VHF aeronautical station.

Note.— The specific categories of messages that may be handled on Aeronautical Mobile
(R) Service channels are prescribed in Annex 10, Volume II, Chapter 5, 5.1.8. The same Chapter defines the
standard communications procedures for the Service including the requirements Jfor maintaining watch in
Annex 10, Volume II, Chapter 5, 5.2.2. In accordance with RR-26025 S18.6,Articte24 of the ITU Radio
Regulations, licences should define the purpose of the station for aeronautical Goperational %ontrol (as
defined in Annex 6, Part I) and should specify the general characteristics in accordance with Appendix 27
of the Radio Regulations.

———————— e e ———



ATTACHMENT B to State letter AN 7/1.3.81-00/70

PROPOSED AMENDMENT TO
ANNEX 10, VOLUME III, PART I, CHAPTER 6

(VDL MODES 1, 2,3 AND 4)

NOTES ON THE PRESENTATION OF THE AMENDMENT TO ANNEX 10

The text of the amendment is arranged to show deleted text with a line through it and new text highlighted
with grey shading, as shown below:

text to be deleted
new text to be inserted

new text to replace existing text
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INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES

AERONAUTICAL
TELECOMMUNICATIONS

ANNEX 10
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME I
(COMMUNICATION SYSTEMS)
(PART I — DIGITAL DATA COMMUNICATION SYSTEMS)

CHAPTER 6. VHF AIR-GROUND DIGITAL LINK (VDL)

6.1 DEFINITIONS AND
SYSTEM CAPABILITIES

isa constztuent mobzle subnetwork of the aeronauttcal telecommumcatton network (A IY\D-opemtmg-m-the

aeronauticalmobite ¥V frequency-band. In addition, the VDL may provide non-ATN functionssuchas, for
mstm:ce—dzgmzed-vmce meweryﬁtghﬁ-equency-ﬂ‘l-lﬁ-drgtml-lmkﬁ%ﬁ Standards and Recommended

6.1.1 Definitions

Aeronautical telecommunications network. An internetwork architecture that allows ground, air-ground,
and aircraft data subnetworks to interoperate by adopting common interface services and protocols based
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on the International Organization for Standardization (ISO) Open Systems Interconnection (OSI)
Reference Model.

. : rcntions-mavigation-and-serveifiamee,

of-the OStreference-modet:

Automatic dependentsurvetllance-broadcast (ADS-B). A surveillance application transmitting parameters,
sucha as posmon track and ground speed, via a broadcast mode data link for use by any air and/or ground
users requiring it.

N‘ote —ADS-Bi isa  surveillance service based on aircraft self-determination of posztzon/velocxty/ttme
riodic or random, broadcast of this information along with auxiliary data such as «
m zc" i m control parameters, etc ADS-B is lntended to suppart muItz

twols, gnallnig; and any necessary preamble
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process-of ahandoff:
Current slot. The slot in which a received transmission begins.

Data circuit-terminating equipment (DCE). A DCE is a network provider equipment used to facilitate
communications between DTEs.

Data link entity (DLE). A protocol state machine capable of setting up and managing a single data link
connection.

Data link service (DLS) sub-layer. The sub-layer that resides above the MAC sub-layer. For VDL Mode 4
the DLS sub-layer resides aboveithe VSS sub-layer The DLS manages the transmit queue, creates and
destroys DLEs for connection-oriented communications, provides facilities for the LME to manage the
DLS, and provides facilities for connectionless communications.

s

Data terminal equipment (DTE). A DTE is an endpoint of a subnetwork connection.

1 frame may or may not include a variable-length information field.



ptam:

Link. A link connects an aircraft DLE and a ground DLE and is uniquely specified by the combination of
aircraft DLS address and the ground DLS address. A different subnetwork entity resides above every link
endpoint.

Link layer. The layer that lies immediately above the physical layer in the Open Systems Interconnection
protocol model. The link layer provides for the reliable transfer of information across the physical media.
It is subdivided into the data link sub-layer and the media access control sub-layer.

ME). A protocol state machine capable of acquiring, establishing, and

Link management entity. |

maintaining a connection to a single peer system. An LME establishes data link and subnetwork
connections, “hands-off” those connections, and manages the media access control sub-layer and
physical layer. An aircraft LME tracks how well it can communicate with the ground stations of a single
ground system. An aircraft VME instantiates an LME for each ground station that it monitors. Similarly,
the ground VME instantiates an LME for each aircraft that it monitors. An LME is deleted when
communication with the peer system is no longer viable.

Media access control (MAC). The sub-layer that acquires the data path and controls the movement of bits
over the data path.




Physical layer. The lowest level layer in the Open Systems Interconnection protocol model. The physical
layer is concerned with the transmission of binary information over the physical medium (e.g. VHF
radio).

Quality of service. The information relating to data transfer characteristics used by various communication
protocols to achieve various levels of performance for network users.
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Subnetwork connection. A long-term association between an aircraft DTE and a ground DTE using
successive virtual calls to maintain context across link handoff.

Surh " . . T l hich—the-VDE-SNBEF-maintai l ’

i i et e o
Subnetwork dependent convergencefucility function

characteristics and services of a particular subnetwork to those characteristics and services required by
the internetwork facility.

Subnetwork entity. In this document, the phrase “ground DCE” will be used for the subnetwork entity in a
ground station communicating with an aircraft; the phrase “ground DTE” will be used for the
subnetwork entity in a ground router communicating with an aircraft station; and, the phrase “aircraft
DTE” will be used for the subnetwork entity in an aircraft communicating with the station. A subnetwork
entity is a packet layer entity as defined in ISO 8208.

Subnetwork layer. The layer that establishes, manages, and terminates connections across a subnetwork.

System. A VDL-capable entity. A system comprises one or more stations and the associated VDL
management entity. A system may either be an aircraft system or a ground system.

i NPTV



oM ) A VDL-specific entity that provideé the quality of service requested by
the ATN-defined SN_SME. A VME uses the LMEs (that it creates and destroys) to enquire the quality
of service available from peer systems. '

tem that implements the VDL Mod
er packets.
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6.1.2 Radio channels and
functional channels

6.1.2.2 Ground station radio frequency range. A ground station shall be capable of operating on its
assigned channel within the spectrum detailed in 61+216.14.1.

6.1.2.3 Common signalling channel. Frequency 136.975 MHz shall be usedreserved as a world-wide
common signalling channel (CSC) for VDL Mode 2-to-anmounce-the-avaitabitity-of any-VbBEservices:

6.1.3 System capabilities

6.1.3.1 Datatransparency. The VDL system shall provide code-independent, byte-independent transfer
of data.

6.1.3.2 Broad: st. Th VDL system shall prov1de lmk layer rlata

6.1.33 Connection management. The VDL system shall establish and maintain a reliable
communications path between the aircraft and the ground system while allowing but not requiring manual
intervention.

Note.— In this context “reliable” is defined by the BER requirement specified in 6.3.5.1.

6.1.3.4 Ground network transition. A VDL-equipped aircraft shall transition from one ground station
to another when circumstances dictate.

6.1.4 Air-ground VHF digital
link communications
system characteristics

4 Thoe] e FVHE digitat ik (VDE - N
e o b e e shathbe-im confornity-with thefottowi b ations:
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6.1.4-+.1 The radio frequencies used shall be selected from the radio frequencies in the band 117.975

- 137 MHzimaccordance-with-the-conditions-of Radto-Regulation595 . The lowest assignable frequency
shall be 118.000 MHz and the highest assignable frequency shall be 136.975 MHz. The separation between
assignable frequencies (channel spacing) shall be 25 kHz.

Note.— Volume V specifies that the block of frequencies from 136.9 - 136.975 MHz inclusive is reserved
Jfor VHF air-ground digital communications.

6.1.4-+.2 The design polarization of emissions shall be vertical.

6.2 SYSTEM CHARACTERISTICS OF
THE GROUND INSTALLATION

6.2.1 Ground station
transmitting function

6.2.1.1 Frequency stability. The radio frequency of VDL ground station equipment operation shall not
vary more than plus or minus 0.0002 per cent (2 parts per million) from the assigned frequency.

Note.— The frequency stability for VDL ground stations using DSB-AM modulation is specified in
Volume III, Part II, Chapter 2 for 25 kHz channel spacing.
6.2.2 Power
Recommendation.— The effective radiated power should be such as to provide a field strength of at
least 75 microvolts per metre (minus 109 dBW/m?) within the defined operational coverage of the facility,
on the basis of free-space propagation.
6.2.3 Spurious emissions

6.2.3.1 Spurious emissions shall be kept at the lowest value which the state of the technique and the
nature of the service permit.

Note.— Appendi 3 10 the Radio Regulations spec
spurious emissions to which transmitters must conformn-uccmdunce-wﬂh-Rudm-Regulatmrr&O#
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6.2.4 Adjacent channel emissions -

6.2.4.1 The amount of power from a VDL ground transmitter under all operating conditions when
measured over the 25 kHz channel bandwidth of the first adjacent channel shall not exceed 0 dBm.

6.2.4.1.1 After 1 January 2002, the amount of power from all new installations of a VDL ground
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the first
adjacent channel shall not exceed 2 dBm.

6.2.42 The amount of power from a VDL ground transmitter under all operating conditions when
measured over the 25 kHz channel bandwidth of the second adjacent channel shall be less than minus
25 dBm and from thereon it shall monotonically decrease at the minimum rate of 5 dB per octave to a
maximum value of minus 52 dBm. '

6.2.42.1 After 1 January 2002, the amount of power from all new installations of a VDL ground
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the second
adjacent channel shall be less than minus 28 dBm.

6.2.422 After 1 January 2002, the amount of power from all new installations of a VDL ground
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the fourth
adjacent channel shall be less than minus 38 dBm, and from thereon it shall monotonically decrease at the
minimum rate of 5 dB per octave to a maximum value of minus 53 dBm.

6.2.43 The amount of power from a VDL ground transmitter under all operating conditions when
measured over a 16 kHz channel bandwidth centered on the first adjacent channel shall not exceed minus
20 dBm.

6.2.43.1 After 1 January 2002, the amount of power from all new installations of a VDL ground
transmitter under all operating conditions when measured over a 16 kHz channel bandwidth centred on the
first adjacent channel shall not exceed minus 18 dBm.

6.2.4.4 After 1 January 2005, all VDL ground transmitters shall meet the provisions of 6.2.4.1.1,
6.2.4.2.1,6.2.4.2.2 and 6.2.4.3.1 above, subject to the conditions of 6.2.4.5 below.

6.2.4.5 Requirements of mandatory compliance of the provisions of 6.2.4.4 above shall be made on
the basis of regional air navigation agreements which specify the airspace of operation and the
implementation timescales. The agreements shall provide at least two years’ notice of mandatory compliance
of ground systems.

6.3 SYSTEM CHARACTERISTICS OF

6.3.1 Frequency stability. The radio frequency of VDL airborne-airc, Fequipment shall not vary more

than plus or minus 0.0005 per cent (5 parts per million) from the assigned frequency.
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Note.— The frequency stability for VDL airborme-aircraft stations using DSB-AM modulatioh is specified
in Volume III, Part II, Chapter 2 for 25 kHz channel spacing.

6.3.2 Power. The effective radiated power shall be such as to provide a field strength of at least 20
microvolts per metre (minus 120 dBW/m?)¢minus-87dBm) on the basis of free space propagation, at ranges
and altitudes appropriate to the operational conditions pertaining to the areas over which the aircraft is
operated.

6.3.3 Spurious emissions

6.3.3.1 Spurious emissions shall be kept at the lowest value which the state of the technique and the
nature of service permit.

Note.— Appendix 8 to the Radio Regulations contains the tolerances for the levels of spurious emission
to which transmitters must conform in accordance with Radio Regulation 304.

6.3.4 Adjacent channel emissions

6.3.4.1 The amount of power from a VDL airborne-aircraft transmitter under all operating conditions
when measured over the 25 kHz channel bandwidth of the first adjacent channel shall not exceed 0 dBm.

6.3.4.1.1 After 1 January 2002, the amount of power from all new installations of a VDL aircraft
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the first
adjacent channel shall not exceed 2 dBm.

6.3.4.2 The amount of power from a VDL airborne-aircraft transmitter under all operating conditions
when measured over the 25 kHz channel bandwidth of the second adjacent channel shall be less than minus
25 dBm and from thereon it shall monotonically decrease at the minimum rate of 5 dB per octave to a
maximum value of minus 52 dBm.

6.3.4.2.1 After 1 January 2002, the amount of power from all new installations of a VDL aircraft
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the second
adjacent channel shall be less than minus 28 dBm.

6.3.4.2.2 After 1 January 2002, the amount of power from all new installations of a VDL aircraft
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the fourth
adjacent channel shall be less than minus 38 dBm, and from thereon it shall monotonically decrease at the
minimum rate of 5 dB per octave to a maximum value of minus 53 dBm.

6.3.4.3 The amount of power from a VDL airborne-aircraft transmitter under all operating conditions
when measured over a 16 kHz channel bandwidth centred on the first adjacent channel shall not exceed
minus 20 dBm.

6.3.4.3.1 After 1 January 2002, the amount of power from all new installations of a VDL aircraft
transmitter under all operating conditions when measured over a 16 kHz channel bandwidth centred on the
first adjacent channel shall not exceed minus 18 dBm.
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6.3.44 After 1 January 2005, all VDL aircraft transmitters shall meet the provisions of 6.3.4.1.1,
6.3.4.2.1,6.3.4.2.2 and 6.3.4.3.1 above, subject to the conditions of 6.3.4.5 below.

6.3.4.5 Requirements of mandatory compliance of the provisions of 6.3.4.4 above shall be made on
the basis of regional air navigation agreements which specify the airspace of operation and the
implementation timescales. The agreements shall provide at least two years notice of mandatory compliance
of aircraft systems.

6.3.5 Receiving function
6.3.5.1  Specified error rate. The specified error rate for Mode 2 operatlv n shall be the maximum

corrected Bit Error Rate (BER) of 1 in 10%. The specified errér rate for Mode 3 operation shall be the
maximum uncorrected BER of 1 in 10°.

Note.— The above physzcal layer BER requirements are derived. ' from the BER requirement imposed by
ATN at the subnetwork interface.

6.3.5.2 Sensitivity. The receiving function shall satisfy the specified error rate with a desired signal
strength of not more than 20 microvolts per metre (minus 120 dBW/m?*)-tminus87dBmn).

Note.— The required signal strength at the edge of the service volume takes into account the
requirements of the system and signal losses within the system, and considers environmental noise sources.

6.3.53 Undesired-signatrejectioninterference immunity performance. The receiving function shall
satisfy the specified error rate with a desired signal field strength of not more than 40 microvolts per metre
(minus 114 dBW/m?y{minus-8+dBm) and with an undesired DSB-AM or D8PSK. signal on the adjacent or
any other assignable channel being;at least 40 dB higher than the desired signal.

6.3.5.3.1 After 1 January 2002, the receiving function of all new installations of VDL shall satisfy the
specified error rate with a desired signal field strength of not more than 40 microvolts per metre (minus 114
dBW/m?) and with an undesired VHF DSB-AM or ¥PEMode2 DSPSK signal at least 60 dB higher than
the desired signal on any assignable channel 100 kHz or more away from the assigned channel of the desired

signal.

Note.—T,

AttachmentA section 7.
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6.3.53.2 After 1 January 2005, the receiving function of all installations of VDL shall meet the
provisions of 6.3.5.3.1 above, subject to the conditions of 6.3.5.3.3 below.

6.3.5.3.3 Requirements of mandatory compliance of the provisions of 6.3.5.3.2 above shall be made
on the basis of regional air navigation agreements which specify the airspace of operation and the

implementation timescales. The agreement shall provide for at least two years' notice of mandatory
compliance of aircraft systems.

6.4 PHYSICAL LAYER
PROTOCOLS AND SERVICES

The aircraft and ground stations shall access the physical medium operating in simplex mode.

6.4.1 Functions
6.4.1.1 The physical layer shall provide the following functions:
a) transmitter and receiver frequency control;
b) datadigital reception by the receiver;
c) dwgiéitél‘<trmsmission by the transmitter; and
d) notification services.

6.4.1.1.1 Transmitter/receiver frequency control. The VDL physical layer shall set the transmitter or
receiver frequency as commanded by the link management entity (LME).

__ Note e LME is a Lmk Iayer entity specified-as. contained in the. Manuals on VDL Mode 2 and VDL

64.1.1.2 reception by the receiver.

bc-accmatel'y-read-at'tl'lc-hrghcrhyers- The receiver shall ﬂecode xﬁput signals and forward them tothe hngher
layers for processing.

6.4.1.1.4 Notification services. The operational parameters of the equipment shall be monitored at the
physical layer. Signal quality analysis shall be performed on the demodulator evaluation process and on the
receive evaluation process; this analysis shall be normalized between a scale of 0 and 15, where 0 to 3 is
considered poor, 4 to 12 is adequate, and 13 to 15 is excellent.
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Note.— Processes that may be evaluated in the demodulator include BER, SNR, and timing jitter.
Processes that may be evaluated in the receiver include received signal level and group delay.

6.4.1.1.4.1 Recommendation.— The signal quality analysis should be based on received signal
strength.

Editorial Note— Delete Section 6.4.2 in its entirety and renumber subsequent paragraphs
accordingly.

6.4.3 Modes 2 franresand 3 common physical layer

6.43+.1 Modulation scheme. Modes 2 and 3 shall use differentially encoded 8 phase shift keying
(D8PSK), using a raised cosine filter with o = 0.6 (nominal value). The information to be transmitted shall
be differentially encoded with 3 bits per symbol (baud) transmitted as changes in phase rather than absolute
phase. The data stream to be transmitted shall be divided into groups of 3 consecutive data bits, least
significant bit first. Zeros shall be padded to the end of the transmissions if needed for the final channel
symbol.

6.4.3.1+.1 Data encoding. A binary data stream entering a differential data encoder shall be converted
into three separate binary streams X, Y, and Z so that bits 3n form X, bits 3n + 1 form Y, and bits 3n +2
form Z. The triplet at time k (X,, Y,, Z,) shall be converted to a change in phase as shown in Table 6-1", and
the absolute phase @, is the accumulated series of a@,, that is:

P = Py + Ay

6.4.3.11.2 Transmitted signal form. The phase-modulated baseband signal as defined in 6.4.3.1-1.1
shall excite the pulse shape filter.

)Y hnt kT3

where:

is the complex impulse response of the pulse shape filter;
is defined in 6.4.3.1-%+.1;

is defined by the equation in 6.4.3.1:1.1;

is time;

- T

* All tables are located at the end of this chapter.
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T, is time duration of each symbol.

The output (function of time) of the pulse shape filter (S(t)) shall modulate the carrier frequency. The pulse
shape filter shall have a nominal complex frequency response of a raised-cosine filter with 0=0.6. Fhe

tmask-and-the-p} ‘tol o Fables-6-2-and-6-3-
6.4.31.2 Modulation rate. The Mode-2-symbol rate shall be 10 500 symbols/second=+6-665percent,

resulting in a nominal bit rate of 31 500 bits/s. The modulation stablhty requirements for Modes 2 and 3 are
provided in Table 6-2.

6.4.4 Mode 2 specific physical layer

The Mode 2 specific specification includes a description of the Mode 2 training sequence, forward error

correction (FEC), interleaving, bit scrambling, channel sensing, and physical layer system parameters.

) .1  Training sequence. Data transmission shall begin with a demodulator training
sequence consnstmg of five segments:

a) transmitter ramp-up and power stabilizatiomandrecetverautomatic-gaincontroHAGE )y setting;
b) synchronization and ambiguity resolution;

c) reserved symbol;

d) transmission length; and

e) header FEC.

Note.— Immediately after these segments, an AVLC Jrame with the format specifred-in 653373 as

contained in the data link service description in the Manual on VDL Mode 2 Technical Specifications
Jfollows.

64,
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penods the transmitted power is 90 per cent of the manufacturers stated out) ‘ut pOWer or greater (see Flgure

6-1). Regardless of the method used t lmpl ment (or truncate) the ransed cosme filter, the output ¢ of the

transmitter between times t =-3.0 and t = -0.5 will appear as if “000’ symbols were transmitted during the
ramp-up period.

Note. 1.— For Mode 3, the timing reference point is the same as the “power réference point”.

: Nate 2.— It is desirable to maximize the time allowed for the AGC setiling time. Efforts should be made
10 have power above 90 per cent of nominal output power at t - 3.5 symbol periods.

sequence shall consnst of the unique word:

000 010 011 110 000 001 101 110 001 100 011
111101 111 100010

and shall be transmitted from left to right.

single symbol representing 000.

Note.— This field is reserved for future definition.

Reed-Solomon block the transmitter shall send a 17-bit word, from least significant bit (Isb) to most
significant bit (msb), indicating the total number of data bits that follow the header FEC.

Note.— The length does not include those bits transmitted for: the Reed Solomon FEC, extra bits padded
fo ensure that the interleaver generates an integral number of 8-bit words, or the extra bits padded to ensure
that the data encoder generates an integral number of 3-bit symbols.

computed over the reserved symbol and the transmission length segments. The block code shall be
transmitted as the fifth segment. The encoder shall accept the header in the bit sequence that is being
transmitted. The five parity bits to be transmitted shall be generated using the following equation:

[Py,..,P]=[R,,..,R;, TL,, ..., TL,,] H'
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where:
P s the parity symbol (P, shall be transmitted first);
R is the reserved symbol;
TL is the transmission Length symbol;
T

is the matrix transpose function; and

H is the parity matrix defined below:

00000O0OO0OO0OT111111111111
0011111100001111T1T1T1]1
H=/11 000111001 10000T1T1T1:1
1101101101 01001100T11
011010011 1100101010 1]

be transmitted from the left bit first.

5 Forward error correction. In order to improve the effective channel throughput by
reducing the number of required retransmissions, FEC shall be applied after the training sequence, regardless
of frame boundaries.

0.4. 121 FEC calculation. The FEC coding shall be accomplished by means of a
systematic fixed-length Reed-Solomon (RS)(255,249) 2%-ary code.

Note 1.— This code is capable of correcting up to three octets for data blocks of 249 octets (1992 bits).
Longer transmissions must be divided up into 1992 bit transmissions and shorter transmissions must be
extended by virtual fill with trailing zeros. Six RS-check octets are appended for a total block of 235 octets.

The field defining the primitive polynomial of the code shall be as follows:

p(x).=(x8 +x +x? +x+1)

The generator polynomial shall be as follows:

where:
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a is a primitive element of GF(256),
GF(256) is a Galois field (GF) of size 256.

Note 2.— The Reed-Solomon codes are described in the Recommendation for Space Data System
Standards Telemetry Channel Coding, by the Consultative Committee for Space Data Systems (see the
Appendix=#4).

octets. Longer transmissions shall be spllt into blocks of 249 octets, per 6.4.3.1.5 Blocks of shorter length
shall be extended to 249 octets by a virtual fill of trailing zeros. The virtual fill shall not be transmitted.
Blocks shall be coded according to 6.4.3.1.4.3 through 6.4.3.1.4.3.3.

6:47371-.4-.-3644 12.3  No error correction. For blocks with 2 or fewer non-fill octets, no error

RS-check octets shall be generated but only the first two shall be transmitted. The last four RS- check octets
shall be treated as erasures at the decoder.

6.4.4.123.2 Two-byte error correction. For blocks with 31 to 67 non-fill octets, all six
RS-check octets shall be generated, but only the first four shall be transmitted. The last two RS-check octets
shall be treated as erasures at the decoder.

441&233 Three-byte error correction. For blocks with 68 or more non-fill octets, all
six RS-check octets shall be generated and transmitted.

6-4—3—1—5%% Interleaving. To improve the performance of the FEC, an octet-based table- drlyen
interleaver shall be used. The interleaver shall create a table having 255 octets per row and c-columms rows,
where

transmission length (bits)

c= 7992 (bits)

where:

,}//)Xy

a) the transmission length is as defined in 643-1:3-56.4

\ 14, and

b) c =the smallest integer greater than or equal to the value of the fraction.
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64316 6441.4 Bit scrambling. To aid clock recovery and to stabilize the shape of the transmitted
spectrum, bit scrambling shall be applied. The pseudo noise (PN) sequence shall be a 15-stage generator (see
Figure 6-12%) with the characteristic polynomial:

XB+X+1

The PN-sequence shall start after the frame synchronization pattern with the initial value 1101 0010
1011 001 with the left-most bit in the first stage of the register as per Figure 6-12. After processing each bit,
the register shall be shifted one bit to the right. For possible encryption in the future this initial value shall
be programmed. The sequence shall be added (modulo 2) to the data at the transmit side (scrambling) and
to the scrambled data at the receive side (descrambling) per Table 6-43.

Note.— The concept of a PN ;{:rambler is explained inthe-nternational-Radio-Consultative Committee
fEEHR—Report 384-3 ITT Recommendation S.446-4, Annex HE, Section—3 4. 3.1 Method 1 (see
Appendix A).

64326442 MODE 2 CHANNEL SENSING

643216, 4 A .& Channel busy to idle detection. When a station receives on-channel power of at least
-87 dBm for at least 5 milliseconds, then:

64322 ﬁ 221 Channel idle to busy detection. With a likelihood of at least 0.9, a station shall
consider the channel occupied within 1 millisecond after on-channel power rises to at least -90 dBm.

4323 64@3@3 Recommendation.— The detection of an occupied channel should occur within 0.5
milliseconds.

Note.— A higher probability of false alarm is acceptable on the idle to busy detection than the busy to
idle detection because of the effects of the two different errors.

. RECEIVER/TRANSMITTER




64332 64.432 Transmitter to receiver turnaround time. The transmitted power level shall decay
at least by 20 dB within 0.3 milliseconds after completing a transmission. A station shall be capable of
receiving and demodulating with nominal performance, an incoming signal within 1.5 milliseconds after
transmission of the final information symbol.

6-4-46.4.44 MODE 2 PHYSICAL LAYER SYSTEM
PARAMETERS

6441 64.44.1 The physical layer shall implement the system parameters as defined in Table 6-54.

44, .Zl Parameter P1 (minimum transmission length). Parameter P1 defines the minimum
transmission length that a receiver shall be capable of demodulating without degradation of BER.

Insert new text as follows:

6.4.5 Mode 3 specific physical layer

The Mode 3 specific specification includes a description of Mode 3 management (M) burst and handoff
check message (H) burst uplink, M burst downlink, voice/data (V/D) burst, and bit scrambling.

6.4.5.1 Management (M) burst and handoff check message (H) burst uplink. The M uplink burst (as
contained in the Manual on VDL Mode 3 Technical Specifications) shall consist of three segments, the
training sequence followed by the system data and the transmitter ramp down. The H uplink burst (as
contained in the Manual on VDL Mode 3 Technical Specifications) shall consist of three segments, the
training sequence followed by the handoff check message and the transmitter ramp down.

6.4.5.1.1 Training sequence. Uplink M burst and H burst training sequences shall consist of two
components as follows: ‘

a) transmitter ramp up and power stabilization; and
b) synchronization and ambiguity resolution.
6.4.5.1.1.1 Transmitter ramp-up and power stabilization. This shall be defined in Section 6.4.4.1.1.1.

6.4.5.1.1.2 Synchronization and ambiguity resolution. The second component of the training sequence
shall consist of the synchronization sequence, known as S,*, as follows:
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000 001 101 100 110 010 111 100 010 011 101 000 111 000 011 001
and shall be transmitted from left to right.

Note.— The sequence S,* is very closely related to the sequence S, (Section 6.4.2.3.2.3.1.2) . The 15
phase changes between the 16 symbols of S,* are each exactly 180° out of phase from the 15 phase changes
associatedwith S,. This relationship can be used to simplify the process of simultaneously searching for both
sequences.

6.4.5.1.2 System data and handoff check message. The non-3T configuration (as contained in the
Manual on VDL Mode 3 Technical Specifications) system data shall consist of 32 transmitted symbols. The
96 transmitted bits shall include 48 bits of information and 48 parity bits, generated as 4 Golay (24, 12) code
words. The 3T configuration as contained in the Manual on VDL Mode 3 Technical Specifications shall
consist of 128 transmitted symbols. The 384 transmitted bits shall include 192 bits of information and 192
parity bits, generated as 16 Golay (24, 12) code words. The 3T configuration handoff check message shall
consist of 40 transmitted symbols. The 120 transmitted bits shall include 60 bits of information and 60 parity
bits, generated as 5 Golay (24,12) code words.

The specific definition of the Golay encoder shall be as follows:

If the 12 bit input bit sequence is written as a row vector X, then the 24 bit output sequence can be written
as the row vector y, where y = x G, and the matrix G shall be given by

_— OO O = e = O = O -
O = O O = O O = e = e =
—_O O e OO = = = = O
O = O e = = O O O = =
—_ e D = e = OO O = = O
_— e = O OO = OO = =
—_ 0 = Q= QO = = = O O
S O QO = e = = O = e O
S O = e = = O = = O = O
QD = ks e = O e = O = O O
—_ e e e O = = O = O O O
_—O = OO e OO = = = =
O O O O O o 0o o o o o -
O O O © O O O o o o -~ O
O O O O O O O O o = O O
O O O © o 0o 0o o = o <o <
O O O O O O O = O o O ©C
S O O O O O = O O O O O
O O O O O = O O O © O O
o O OO 0o = O O O O ©o o <
O O O =~ O O O O O O O ©
O © = O O O 0o 0 o ©o o o
O = O O O O O © © o o ©
-0 OO O O O O O O o O

Note.— The extended Golay code allows for the correction of any error pattern with 3 or fewer bit errors
and the detection of any 4-bit error pattern.

6.4.5.1.3 Transmitter ramp-down. Following the end of the final symbol, the transmitter power shall
be below -20 dBc within 2 symbol periods. The transmitter power leakage when the transmitter is in the “off”
state shall be less than -83 dBm.
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Note.— Reference RTCA/DO-160D section 21, category H for antenna radiated signals.
6.4.5.2 Management (M) burst downlink. The M downlink burst (as contained in the Manual on VDL

Mode 3 Technical Specifications) shall consist of three segments, the training sequence followed by the
system data and the transmitter ramp down.

6.4.5.2.1 Training sequence. The M downlink burst training sequence shall consist of two components
as follows:

a) . transmitter ramp up and power stabilization; and
b) synchronization and ambiguity resolution.
6.452.1.1 Transmitter ramp-up and power stabilization. This shall be as defined in

Section 6.4.5.1.1.1.

6.4.5.2.1.2 Synchronization and ambiguity resolution. Three separate synchronization sequences shall
be used for this burst type. The standard sequence, known as S,, shall be as follows:

000 111 001 001 010 110 000 011 100 110 011 111 010 101 100 101

and shall be transmitted from left to right. The special sequence used to identify poll responses shall be as
defined in Section 6.4.5.1.1.2. '

The special sequence used to identify net entry requests (S,*) shall use the following sequence:
000001 111 111 100 000 110 101 010 000 101 001 100011 010 011
and shall be transmitted from left to right.

Note.— The sequence S,* is very closely related to the sequence S,. The 15 phase changes between the
16 symbols of S,* are each exactly 180° out of phase from the 15 phase changes associated with S,. This
relationship can be used to simplify the process of simultaneously searching for both sequences.

6.4.52.2 System data. The system data segment shall consist of 16 transmitted symbols. The 48
transmitted bits shall be encoded as 24 bits of system data and 24 bits of parity bits generated as two
consecutive (24, 12) Golay code words. The encoding of the (24, 12) Golay code words should be as defined
in Section 6.4.5.1.2. '

6.4.5.2.3 Transmitter ramp-down. This shall be ‘as defined in Section 6.4.5.1.3.

6.4.53  Voice or data (V/D) burst. The V/D burst (as contained in the Manual on VDL Mode 3
Technical Specifications) shall consist of four segments: the training sequence followed by the header, the
user information segment and the transmitter ramp down. The same V/D burst format shall be used for both
uplink and downlink.
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6.4.5.3.1 Training sequence. V/D burst training sequence shall consist of two component as follows:

a) transmitter ramp-up and power stabilization; and
b) synchronization and ambiguity resolution.
6.453.1.1 Transmitter ramp-up and power stabilization. This shall be as specified in

Section 6.4.5.1.1.1.

6.4.5.3.1.2 Synchronization and ambiguity resolution. The second component of the training sequence
shall consist of the synchronization sequence-known as S,, as follows:

000111011010 000 100 001 010 100 101 011 110001 110 101 111
and shall be transmitted from left to right.

6.4.5.3.2 Header. The header segment shall consist of 8 transmitted symbols. The 24 transmitted bits
shall be encoded as 12 bits of header information and 12 parity bits, generated as a single (24, 12) Golay code
word. The encoding of the (24, 12) Golay code word shall be as defined in Section 6.4.5.1.2.

6.4.5.3.3 User information. The user information segment shall consist of 192 3-bit symbols. When
transmitting voice, FEC shall be applied to the analysis output of the vocoder specified in Section 6.8. The
vocoder shall provide satisfactory performance in a BER environment of 10° (with a design goal of 107?).
The overall bit rate of the vocoder including FEC is 4 800 bits/s (except when in the truncated mode in which
the bit rate is 4 000 bits/s).

When transmitting user data, the 576 bits shall be encoded as a single Reed-Solomon (72, 62) 2*-ary code
word. For user data input to the Reed-Solomon encoder of length less than 496 bits, input data shall be
padded with zeroes at the end to a full length of 496 bits. The field defining the primitive polynomial of the
code shall be as described in Section 6.4.3.3.1.3.1. The generator polynomial shall be as follows:

129

[[x-a)

i=120

Note.— The Reed-Solomon (72, 62) code is capable of correcting up to five 2°-ary (code word) symbol
errors in the received word.

6.4.5.3.4 Transmitter ramp-down. This shall be as defined in Section 6.4.5.1.3.
6.4.5.4 Interleaving. There shall be no interleaving in Mode 3 operation.
6.4.5.5 Bit scrambling. Under Mode 3 operation, bit scrambling, as specified in Section 6.4.4.1.4 shall

be performed on each burst, starting after the training sequence. The scrambling sequence shall be
reinitialized on each burst effectively providing a constant overlay for each of the Mode 3 fixed length bursts.
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6.4.5.6 Receiver/transmitter interaction. The switching times in this subsection will be defined as the
time between the middle of the last information symbol of one burst and the middle of the first symbol of
the synchronization sequence of the subsequent burst.

Note.— This nominal time will be shortened by considerations such as the finite width of each symbol
due to Nyquist filtering and the ramp up and power stabilization sequence. Such alternative definitions could
yield switching times up to 8 symbol periods shorter.

6.4.5.6.1 Receiver to transmitter switching time. An aircraft radio shall be capable of switching from
reception to transmission within 17 symbol periods. This time can be relaxed to 33 symbol periods for
aircraft radios which do not implement functions requiring discrete addressing.

Note 1.— The shortest R/T switching time for an aircraft radio occurs when the reception of an uplink
M channel beacon is followed by a V/D transmission in the same slot. In certain instances where aircraft
radios do not implement functions requiring discrete addressing, the R/T switching time can be increased
since the last two Golay words of the uplink M channel beacon need not be read.

Note 2.— The minimum turnaround time assumes that in configurations 3VID, 2VID, and 3T (as
contained in Section 5.5.2.4 of the Manual on VDL Mode 3 Technical Specifications), the aircraft radios
will be provided with software that will prevent them from transmitting a downlink M channel message in
a slot following the reception of a voice message from another aircraft with a long time delay.

6.4.5.6.2 Transmitter to receiver switching time. An aircraft radio shall be capable of switching from
transmission to reception within 32 symbol periods.

Note.— The worst case T/R switching time for an aircraft radio occurs when it transmits a downlink M
channel message and receives a V/D message in the same slot.

6.4.5.7 Fringe coverage indication.

6.4.5.7.1 Recommendation.— Indication of near edge-of-coverage should be provided to the VDL
Mode 3 aircraft.

End of new text.
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6.5 LINK LAYER PROTOCOLS
AND SERVICES
6.5.1 General information

6.5.1.1 Functionality. The ¥HFdigitatink(VDL) link layer shall provide the following sub-layer
functions:

a) media access control (MAC) sub- layer which requires the use of the carrier sense multiple access
(CSMA) algorithm for Mode 2 or TDMA for Mode 3;

b) a data link service (DLS) sub-layer;

4y forMode 2, the DLS sub-layer; providing provides connection-oriented point-to-point links
using data link entities (DLE) and connection-less broadcast link over the MAC sub-layer;
and

¢) a VDL management entit}; (VME), which establishes and maintains DLEs between the aircraft and
the ground-based systems using link management entities (LME).
6.5.1.2 SERVICE

6.5.12.1 Connection-oriented. The VDL Mode 2 link layer shall provide a reliable point-to-point
service using a connection-oriented DLS sub-layer.

6.5.122  Connection-less. The VDL Mod andif&lmk layers shall provide an unacknowledged
broadcast service using a connection-less DLS sub-layer.

sequencing.

6.5.2 MAC sub-layer

6.5.2.1 The MAC sub-layer shall provide for the transparent acquisition of the shared communications
path. It makes invisible to the DLS sub-layer the way in which supporting communications resources are
utilized to achieve this.
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Notem . e e oot om the MAC Service Befnition (5O
DP-16639)-

Editorial Note.— Delete Sections 6.5.2.2 to 6.5.2.4 in their entirety.

6.5.3 Data link service sub-layer

6.5.3.1 ForMode 2, Fthe DLS shall support bit-oriented simplex air-ground communications using the
aviation VHF link control (AVLC) protocol-specifted-inthis—section.

Editorial Note—  Delete Sections 6.5.3.2, 6.5.3.3, 6.5.3.4,6.5.3.5,6.5.3.6, 6.5.3.7,6.5.3.8,6.5.3.9,
6.5.3.10 and 6.5.3.11 in their entirety.

6.5.4 VDL management entity

Editorial Note—  Delete Sections 6.5.4.1, 6.5.4.2, 6.5.4.3 and 6.5.4.4 in their entirety.
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6.6 SUBNETWORK LAYER
PROTOCOLS AND SERVICES

6.6.1 Architecture for Mode 2
6.6.1.1 The subnetwork layer protocol used across the VHF air-ground subnetwork forVDL Mode 2

is referred to formally”as a subnetwork ccess 1 (SNAcP) and shall conform to ISO 8208, except as
M Specific cdtzons The SNACP is contained

Speczf iTo ﬁbns and the cited specifications, this—documentthe Manua ' = VDL Moder 2 Te echnical
Specifications shall have precedence. On the air-ground interface, the aircraft subnetwork entity shall act as
a DTE and the ground subnetwork entity shall act as a DCE.

Note.— .Specgﬁc subnetwork layer protocol accey poinls, services, packet formas, parameters and
procedures jbr VDL Mode 2 are contained in the Manual on VDL Mode 2 Technical Specifications,

DI s e servi it(SNSAP) shatt-be-umiquely-identifiecH

Editorial Note.—  Delete Sections 6.6.2, 6.6.3, 6.6.4, 6.6.5 and 6.6.6 in their entirety.
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6.7 THE VDL MOBILE
SUBNETWORK DEPENDENT
CONVERGENCE FUNCTION (SNDCF)

6.7.1 VDL Mode 2 SNDCF
6.7.1.1 Introduction. The VDL Mode 2 mobile SNDCF shall be the standard mobile SNDCF.

6.7.1.2 New function. The VDL Mode 2 mobile SNDCF shall support maintaining context
(e.g. compression tables) across subnetwork calls. The SNDCF shall use the same context (e.g. compression
tables) across all SVCs negotiated to a DTE, when negotiated with the same parameters. The SNDCF shall
support at least 2 SVCs sharing a context.

Note.— Because handoffs can be expected to reorder packets, certain compression algorithms do not
lend themselves to use over the-VDL Made 2. Further, implementors of dictionary-based compression
algorithms must be sensitive to the problem of updates arriving on either the old or newly established call.

6—’;L-1—3—€m'-l-merduta-entodmgNote —T he encodmg of th&*Call\ rUser Data f eld shaﬂ-be-as-detmfed

VDL Mode 2 Technical Specifications.

Editorial Note.— Delete existing Sections 6.7.3.1 t0 6.7.3.4

Insert new text as follows:

6.7.2 VDL Mode 3 SNDCF

6.7.2.1 The VDL Mode 3 shall support one or more of the defined SNDCFs. The first is the standard
ISO 8208 SNDCF as defined in the Manual of Technical Provisions for the Aeronautical Telecommunication
Network (ATN) (Doc 9705). This is a connection-oriented SNDCF. The second type of SNDCF supported
by VDL Mode 3 is denoted frame-based SNDCF. The details of this connection-less oriented SNDCF are
contained in the Manual on VDL Mode 3 Technical Specifications, including network layer interface, support
for broadcast and unicast network packets, and ATN router support.

Note.— The framed-based SNDCF is termed such because it uses the VDL Mode 3 frames without the
need for an additional protocol (viz. ISO 8208 SNDCF) to transfer network packets. The frame-based
SNDCF achieves independence from the network protocol by identifying the payload of each frame. Upon
receipt of a frame, the payload is examined and control is passed to the protocol identified.
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6.8 VOICE UNIT FOR MODE 3
6.8.1 Services

6.8.1.1 The voice unit shall provide for a simplex, “push-to-talk” audio and signalling interface
between the user and the VDL. Two separate mutually exclusive voice circuit types shall be supported.

a) Dedicated circuits: This shall provide service to a specific user group on an exclusive basis with no
sharing of the circuit with other users outside the group. Access shall be based on a
“listen-before-push-to-talk™ discipline.

b) Demand assigned circuits: This shall provide voice circuit access which is arbitrated by the ground
station in response to an access request received from the aircraft station. This type of operation shall
allow dynamic sharing of the channel resource increasing trunking efficiency.

6.8.1.2 Priority access. The voice unit operation shall support a priority override access for authorized
ground users.

6.8.1.3 Message source identification. The voice unit operation shall support notification to the user
of the source of a received message (i.e. whether the message originated from an air or ground station).

6.8.1.4 Coded squelch. The voice unit shall support a coded squelch operation that offers some degree
of rejection of undesired cochannel voice messages based on the burst time of arrival.

6.8.2 Speech encoding, parameters, and procedures

6.8.2.1 The VDL Mode 3 shall use the augmented multiband excitation (AMBE) 4.8 kbits/s
encoding/decoding algorithm, version number AMBE-ATC-10, developed by Digital Voice Systems,
Incorporated (DVSI) for voice communications.

Note 1.— Information on technical characteristics of the 4.8 kbits/s AMBE algorithm is contained in
AMBE-ATC-10 Low Level Description, obtainable from DVSL

Note 2.— The 4.8 kbits/s AMBE encoding/decoding technology described in the document is subject to
DVSI patent rights and copyrights. Manufacturers must enter into a license agreement with DVSI prior to
obtaining a detailed description of the algorithm before incorporation in equipment operating in the VDL
Mode 3 service. By letter to ICAQ dated 29 October 1999, DVSI confirmed its commitment to license the
technology for the manufacture and sale of aeronautical equipment under reasonable terms and conditions,
negotiated on a non-discriminatory basis.

6.8.2.2 Speechencoding definition, voice unit parameters, and procedure descriptions for VDL Mode 3
Voice Unit operation are contained in the Manual on VDL Mode 3 Technical Specifications.
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6.9 VDL MODE 4

6.9.1 A Mode 4 station shall conform to the requirements defined in sections 6.1.4.2, 6.2.1.1,6.2.3.1,
6.2.4,63.1,63.3.1,6.3.4,63.5.2,6.3.5.3,6.3.5.4 and 6.9.

6.9.2 VDL Mode 4 radio channels
6.9.2.1 VDL MODE 4 STATION FREQUENCY RANGE
6.9.2.1.1 Transmitter/receiver tuning range. A VDL Mode 4 transmitter/receiver shall be capable of
tuning to any of the 25 kHz channels from 117.975 MHz through 137 MHz. The transmitter shall have a

means for the tuning range to be restricted to a narrower range.

Note.— Operational conditions or certain applications may require the equipment to be operated in a
narrower frequency range.

6.92.12 Recommendation.— A4 VDL Mode 4 transmitter/receiver should be capable of tuning to
any of the 25 kHz channels from 108 to 117.975 MHz.

Note.— The band 108 - 117.975 MHz may be utilized in some States for ADS applications.

6.9.2.1.3  Simultaneous reception. A VDL Mode 4 station shall be capable of receiving two channels
simultaneously.

6.9.2.14 Recommendation.— 4 VDL Mode 4 station should be capable of receiving additional
channels simultaneously as required by operational services.

6.9.2.2 GLOBAL SIGNALLING CHANNELS

6.9.2.2.1 VDL Mode 4 stations shall use two assigned frequencies as global signalling channels (GSC),
to support user communications and link management functions.

Note.— Additional channels may be defined in a local domain, and notified to mobile users by broadcast
Jfrom ground stations on the GSCs defined above.
6.9.3 System capabilities

6.9.3.1 ATNcompatibility. The VDL Mode 4 system shall support ATN-compliant subnetwork services
for surveillance applications.

6.9.3.2 Datatransparency. The VDL Mode 4 system shall provide code-independent, byte-independent
transfer of data.

6.9.3.3 Broadcast. The VDL Mode 4 system shall provide link layer broadcast services.
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6.9.3.4 Point-to-point. The VDL Mode 4 system shall provide link layer point-to-point services.

6.9.3.5 Air-air communications. The VDL Mode 4 system shall provide air-air communications,
without ground support, as well as air-ground communications.

6.9.3.6 Connection management. When supporting air-ground operations, the VDL Mode 4 system
shall establish and maintain a reliable communications path between the aircraft and the ground system while
allowing, but not requiring, manual intervention.

6.9.3.7 Ground network transition. A mobile VDL Mode 4 DLS station shall transition from one
ground VDL Mode 4 DLS station to another as required.

6.9.3.8 Derived time capability. VDL Mode 4 shall provide the capability for deriving time from
time-of-arrival measurements of received VDL Mode 4 transmissions whenever externally derived estimates
of time are unavailable.

6.9.3.9 Simplex operations. Mobile and ground VDL Mode 4 stations shall access the physical medium
operating in simplex mode.

6.9.4 Coordination of channel utilization

6.9.4.1 On aregional basis, transmissions shall be scheduled relative to UTC, to ensure efficient use

of shared channels and to avoid unintentional slot re-use.
6.9.5 Physical layer protocols and services

Note.— Unless otherwise stated, the requirements defined in this section apply to both mobile and

ground stations.
6.9.5.1 FUNCTIONS
6.9.5.1.1 TRANSMITTED POWER

6.9.5.1.1.1 Airborne installation. On a high percentage of occasions, the effective radiated power shall
be such as to provide a field strength of at least 35 microvolts per metre (minus 114.5 dBW/m?) on the basis
of free space propagation, at ranges and altitudes appropriate to the conditions pertaining to the areas over
which the aircraft is operated.

6.9.5.1.1.2 Ground installation.

Recommendation.— The effective radiated power should be such as to provide a field strength of at

least 75 microvolts per metre (minus 109 dBW/m’) within the defined operational coverage of the facility,
on the basis of free-space propagation.
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6.9.5.1.2 TRANSMIT.TER AND RECEIVER FREQUENCY CONTROL
6.9.5.12.1 The VDL Mode 4 physical layer shall set the transmitter or receiver frequency as
commanded by the link management entity (LME). Channel selection time shall be less than 13 ms after the
receipt of a command from a VSS user.
6.9.5.1.3 DATA RECEPTION BY RECEIVER
6.9.5.1.3.1  The receiver shall decode input signals and forward them to the higher layers for
processing. '

6.9.5.1.4 DATA TRANSMISSION BY TRANSMITTER

6.9.5.1.4.1 Data encoding and transmission. The physical layer shall encode the data received from
the data link layer and transmit it over the RF channel. RF transmission shall take place only when permitted
by the MAC.

6.9.5.1.42  Order of transmission. The transmission shall consist of the following stages in the
following order:

a) transmitter power stabilization;
b) bit synchronization;
c) ambiguity resolution and data transmission; and

d) transmitter decay.

power to any final stage amplifier in the event that output power from that amplifier exceeds -30 dBm for
more than 1 second. Reset to an operational mode for the affected amplifier shall require a manual operation.

Note.— This is intended to protect the shared channel resource against so-called “stuck transmitters”.

6.9.5.1.5 NOTIFICATION SERVICES

6.9.5.1.5.1  Signal quality. The operational parameters of the equipment shall be monitored at the
physical layer. Signal quality analysis shall be performed in the demodulator process and in the receive
process.
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Note.— Processes that may be evaluated in the demodulator include bit error rate (BER), signal to noise
ratio (SNR), and timing jitter. Processes that may be evaluated in the receiver include received signal level
and group delay.

6.9.5.1.5.2  Arrival time. The arrival time of each received transmission shall be measured with a
two-sigma error of 5 microseconds.

6.9.5.1.5.3 Recommendation.— The receiver should be capable of measuring the arrival time within
a two-sigma error of 1 microsecond.

6.9.5.2 PROTOCOL DEFINITION FOR GFSK

6.9.5.2.1 Modulation scheme. The modulation scheme shall be GFSK. The first bit transmitted (in the
training sequence) shall be a high tone and the transmitted tone shall be toggled before transmitting a 0
(i.e. non-return to zero inverted encoding).

~ 6.9.52.2 Modulation rate. Binary ones and binary zeros shall be generated with a modulation index
of 0.25 £ 0.03 and a BT product of 0.28 + 0.03, producing data transmission at a bit rate of 19 200 bits/s
+ 50 ppm.

6.9.5.2.3 STAGES OF TRANSMISSION

6.9.5.2.3.1 Transmitter power stabilization. The first segment of the training sequence is the transmitter
power stabilization, which shall have a duration of 16 symbol periods. The transmitter power level shall be
no less than 90 per cent of the steady state power level at the end of the transmitter power stabilization
segment.

6.9.5.2.3.2 Bitsynchronization. The second segment of the training sequence shall be the 24-bit binary
sequence 0101 01010101 0101 0101 0101, transmitted from left to right immediately before the start of the
data segment.

6.9.5.2.3.3 Ambiguity resolution and data transmission. The transmission of the first bit of data shall
start 40 bit intervals (approximately 2083.3 microsecond) = 1 microsecond after the nominal start of
transmission.

Note 1.— This is referenced to emissions at the output of the antenna.

Note 2.— Ambiguity resolution is performed by the link layer.

6.9.5.2.3.4 Transmitter decay. The transmitted power level shall decay at least by 20 dB within 300

microsecond after completing a transmission. The transmitter power level shall be less than -90 dBm within
832 microsecond after completing a transmission.
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6.9.5.3 CHANNEL SENSING

6.9.53.1 Estimation of noise floor. A VDL Mode 4 station shall estimate the noise floor based on
power measurements of the channel whenever a valid training sequence has not been detected.

6.9.5.3.2 The algorithm used to estimate the noise floor shall be such that the estimated noise floor
shall be lower than the maximum power value measured on the channel over the last minute when the
channel is regarded as idle.

Note.— The VDL Mode 4 receiver uses an energy sensing algorithm as one of the means to determine
the state of the channel (idle or busy). One algorithm that can be used to estimate the noise floor is described
in the Manual on VDL Mode 4 Technical Specifications.

6.9.5.3.3 Channel idle to busy detection. A VDL Mode 4 station shall employ the following means to
determine the channel idle to busy transition at the physical layer.

6.9.5.3.3.1 Detection of a training sequence. The channel shall be declared busy if a VDL Mode 4
station detects a valid training sequence followed by a frame flag.

6.9.5.3.3.2 Measurement of channel power. Regardless of the ability of the demodulator to detect a
valid training sequence, a VDL Mode 4 station shall consider the channel busy with at least a 95 per cent
probability within 1 ms after on-channel power rises to the equivalent of at least four times the estimated
noise floor for at least 0.5 milliseconds.

6.9.5.3.4 Channel busy to idle detection

6.9.5.3.4.1 A VDL Mode 4 station shall employ the following means to determine the channel busy
to idle transition.

6.9.53.42 Measurement of transmission length. When the training sequence has been detected, the
channel busy state shall be held for a period of time at least equal to 5 millisecond, and subsequently allowed
to transition to the idle state based on measurement of channel power.

6.9.5.3.4.3 Measurement of channel power. When not otherwise held in the channel busy state, a VDL
Mode 4 station shall consider the channel idle with at least a 95 per cent probability if on-channel power falls
below the equivalent of twice the estimated noise floor for at least 0.9 millisecond.
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6.9.5.4 RECEIVER/TRANSMITTER INTERACTION
6.9.5.4.1 Receiver to transmitter turnaround time. A VDL Mode 4 station shall be capable of beginning
the transmission of the transmitter power stabilization sequence within 16 microseconds after terminating

the receiver function.

6.9.5.4.2 Frequency change during transmission. The phase acceleration of the carrier from the start
of the synchronization sequence to the data end flag shall be less than 300 Hz per second.

" 6.9.5.4.3 Transmitter to receiver turnaround time. A VDL Mode 4 station shall be capable of receiving
and demodulating with nominal performance an incoming signal within 1 ms after completing a transmission.

Note.— Nominal performance is defined as a BER of 10°.

6.9.5.5 PHYSICAL LAYER SYSTEM PARAMETERS
6.9.5.5.1 Parameter P1 (minimum transmission length)

-6.9.5.5.1.1 The parameter P1 shall be the minimum transmission length that a receiver shall be capable
of demodulating without degradation of BER.

6.9.5.5.1.2 The value of P1 shall be 19 200 bits.

6.9.5.5.2 Parameter P2 (nominal co-channel interference performance)

6.9.5.5.2.1 The parameter P2 shall be the nominal co-channel interference at which a receiver shall be
capable of demodulating without degradation in BER for a desired signal which arrives prior to an interfering
signal.

6.9.5.5.2.2 The value of P2 shall be 12 dB.

6.9.6 Link layer

Note.— Details on link layer functions are contained in the Manual on VDL Mode 4 Technical

Specifications.

6.9.7 Subnetwork layer

Note.— Details on subnetwork layer functions are contained in the Manual on VDL Mode 4 Technical
Specifications.
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6.9.8 ADS-B applications

Note.— Details on ADS-B application functions are contained in the Manual on VDL Mode 4 Technical
Specifications.

End of new text.

TABLES FOR CHAPTER 6

Table 6-1. Modes 2 and 3 data encoding

X Y, Z, AQy
0 0 0 On/4
0 0 1 1n/4
0 1 1 2n/4
0 1 0 3n/4
1 1 0 4n/4
1 i 1 S5n/4
1 0 1 6n/4
i 0 0 Tn/4

FOWERBOUND UPPERBOUND
Frequency Attermuation Frequency Attenuation
Boviati Boviati

] 025 ] 025
1766 =025 2566 025
3606 =+ 3960 -+
3900 =3 4900 =3
4800 -6 5800 -6
5350 -0 6650 10
6316 =20 7910 20
66860 =30 $680 30

‘i



B-38

TFable 6=3:Foleranceonthephase-nmask-of transmitter-for D8PSk
FOWERBOUND YPPER BOUND
Frequency Phase Frequency Phase

Deviati eviati
0 =18 0 18
5256 =18 5256 +8
5256 28 5256 28
6660 28 6060 28
6066 =189 6660 186

VDL Mode

Table 6-43. Scramble_r functions

Function Data in Data out
Scrambling clean data scrambled data
Descrambling Scrambled data clean data

Table 6-54. Physical services system parameters

Symbol Parameter name Modet-value Mode 2 value

Pl  Minimum transmission length 16504-bits 131071 bits

Insert new figure as follows:
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Power at 90 per cent
byt=-3
Major divisions are / Center of first symbol of unique word.

symbol periods.

Figure 6-1. Transmitter Power Stabilization

End of new figure.

Delete existing Figure 6-2:

Figure 6=2—TEink layerframeformat

Figure 6--}6-2 PN-generator for bit scrambling sequence

Insert new figure as follows:

Current Access .
reception attemp 90% power, corresponds to time -3
co:glem occm.st e Figure 6-1 above.

] !

] |

1.5msec
.-
1.25msec

Figure 6-3. Receive to Transmit Turnaround Time

End of new figure.
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(AMSS; ALTERNATIVE PROVISIONS)

NOTES ON THE PRESENTATION OF THE AMENDMENT TO ANNEX 10

The text of the amendment is arranged to show deleted text with a line through it and new text
highlighted with grey shading, as shown below:

1. Fexttobedeletedisshownwith-atine-through-it: text to be deleted
2. new text to be inserted
3. new text to replace existing text
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INTERNATIONAL STANDARDS
- AND RECOMMENDED PRACTICES

'AERONAUTICAL
TELECOMMUNICATIONS

ANNEX 10
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME III — COMMUNICATION SYSTEMS

(PART 1 — DIGITAL DATA COMMUNICATION SYSTEMS)

Insert new text as follows:

CHAPTER 12. ALTERNATIVE PROVISIONS FOR AERONAUTICAL
MOBILE SATELLITE (R)" SERVICE

Note 1.— This chapter contains Standards and Recommended Practices applicable to the use of
next-generation satellite system (NGSS) communications technologies to support the aeronautical
mobile-satellite (R)* service (AMS(R)S). The Standards and Recommended Practices of this chapter are
service- and performance-oriented and are not tied to a specific technology or technique. They are intended
to provide alternative means of meeting AMS(R)S requirements, independent of the Standards and
Recommended Practices of Annex 10, Part 1, Volume III, Chapter 4.

Note 2.— Multiple service providers may offer AMS(R)S, either according to the Standards and
Recommended Practices of Annex 10, Part I, Volume III, Chapter 4 or according to those of this chapter.

Note 3.— Additional information and guidance is provided in the Manual on Alternative Provisions
for AMS(R)S. '

12.1 DEFINITIONS

Next-generation satellite system (NGSS). A satellite communications system that provides AMS(R)S in
conformance with the provisions of this chapter. These services can be voice, or data, or both. An NGSS
may provide non-AMS(R)S communications. An NGSS includes AESs, satellites, GESs and network
control system facilities that perform administrative and operational management functions.

* route
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Satellite system service area. A portion of the Earth’s surface within which a satellite-based communications
system satisfies the standards of this chapter. Depending on its design, a system may provide
discontinuous service areas.

Note.— The following terms used in this chapter are defined elsewhere in Annex 10:

Aircraft earth station (AES): defined in Annex 10, Volume III, Chapter 1.

Aeronautical telecommunication network (ATN): defined in Annex 10, Volume III, Chapter 1.
Aeronautical mobile-satellite service (AMSS): defined in Annex 10, Volume II, Chapter 1.1.
Aeronautical mobile-satellite (R)" service (AMS(R)S): defined in Annex 10, Volume II, Chapter 1.1.
Data transfer delay (95 percentile): defined in Annex 10, Volume III, Chapter 4.7.2.1.

Data transit delay: defined in Annex 10, Volume III, Chapter 4.7.2.1.

Ground earth station (GES): defined in Annex 10, Volume III, Chapter 1.
Near-geostationary orbits: defined in Annex 10, Volume III, Chapter 4.1.

Spot beam: defined in Annex 10, Volume III, Chapter 4.1.

Subnetwork layer: defined in Annex 10, Volume III, Chapter 6.1.

Subnetwork service data unit (SNSDU): defined in Annex 10, Volume III, Chapter 4.7.2.1

12.2 GENERAL

12.2.1 When an NGSS is operated to provide AMS(R)S, it shall conform to the requirements of
this chapter.

12.2.1.1 Recommendation: To ensure sufficient protection of safety-related CNS systems, NGSS
aeronautical equipment not operating to provide AMS(R)S should comply with 12.3.2 and 12.3.3 of this
Standard.

12.2.2 Requirements for mandatory carriage of NGSS equipment including the level of system
capability shall be made on the basis of regional air navigation agreements which specify the airspace of
operation and the implementation time-scales for the carriage of equipment.

12.2.3 The agreements indicated in 12.2.2 shall provide at least two years’ notice of mandatory
carriage of airborne systems. '

12.2.4 Recommendation.— Civil aviation authorities should coordinate withnational authorities
and service providers those implementation aspects of NGSS that will permit its worldwide interoperability
and optimum use, as appropriate.

* route
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12.3 RF CHARACTERISTICS
12.3.1 Frequency Bands

Note.— ITU Radio Regulations permit systems providing mobile-satellite service to use the same
spectrum as AMS(R)S without requiring such systems to offer safety services. This situation has the potential
to reduce the spectrum available for AMS(R)S. It is critical that States consider this issue in frequency
planning and in the establishment of national or regional spectrum requirements.

12.3.1.1 When providing AMS(R)S communications, the NGSS shall operate only in frequency
bands in which AMS(R)S is permitted and appropriately protected by ITU Radio Regulations.

12.3.2 Emissions

12.3.2.1 The total EIRP of the AES necessary to maintain system performance shall be controlled
to minimize the potential for interference to other systems. This requirement shall apply to single channel
AESs, and to each individual channel of AESs that are capable of providing multiple channels.

12.3.2.2 Interference to other AMS(R)S Equipment

12.3.2.2.1 Emissions from an NGSS AES shall not cause harmful interference to an AES providing
AMS(R)S on a different aircraft.

Note.— One method of complying with 12.3.2.2.1 is by limiting emissions in the operating band of
other AMS(R)S equipment to a level consistent with the intersystem interference requirements (single entry)
of Chapter 3.2.5.3.4.2 of RTCA Document DO-2154, Change 1.

12.3.2.3 INTERFERENCE TO OTHER CNS SYSTEMS

12.3.2.3.1 Emissions from an NGSS AES shall not cause harmful interference to non-AMS(R)S
CNS systems located on the same aircraft or other aircraft.

Note.— Harmful interference can result from radiated and/or conducted emissions that include
harmonics, discrete spurious, intermodulation product and noise emissions, and are not necessarily limited
to the "transmitter on" state.

12.3.2.3.2 Recommendation.— The average output spectral density of the composite of
harmonics, discrete spurious and noise emissions created by the AES when transmitting at its maximum total
output power should not be greater than -115 dBW/MHz in radio-navigation satellite service band
1559 - 1 605 MHz, when measured at the input to the AES antenna over a period of 20 milliseconds.

Note 1.— This recommendation assumes an isolation between the input to the AMS(R)S antenna
subsystem and the output of the satellite navigation antenna subsystem of 40 dB and assumes an additional
margin of 6 dB relative to the satellite navigation receiver susceptibility requirements established by the
GNSS Panel. ’
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Note 2.— Additional protection of radionavigation satellite services in 'the band of
1 605 - 1 609.36 MHz from the composite of harmonics, discrete spurious, noise and intermodulation
products may be necessary for AES installations made prior to 1 January 2005.

12.3.3 Susceptibility

12.3.3.1 The AES equipment shall operate properly in an interference environment causing a
cumulative relative change in its receiver noise temperature (47/T) of 25 per cent.

12.4 PRIORITY AND PREEMPTIVE ACCESS

12.4.1 The NGSS shall ensure that AMS(R)S communications are provided priority access to the
radio channels over all non-AMS(R)S communications, by preemption if necessary.

12.42 The NGSS shall support at least three levels of AMS(R)S communications priority.

12.4.3 The system shall ensure that higher priority AMS(R)S communications are provided priority
access to the radio channels over lower priority AMS(R)S communications, by preemption if necessary.

12.4.4  All AMS(R)S data packets and all AMS(R)S voice call attempts crossing the interface
between a GES and a terrestrial network shall be identified as to their associated priority.

Note.— Some terrestrial networks, notably those implementing the 1984 version of X.25, may not
offer sufficient support for the required prioritization.

12.4.5 Within the same message category, the system shall provide voice communications priority
over data communications.

12.5 SIGNAL ACQUISITION AND TRACKING

12.5.1 The AES, GES and satellites shall properly acquire and track service link signals when the
aircraft is moving at a ground speed of up to 1 500 km/h (800 knots) along any heading.

12.5.1.1 Recommendation.— The AES, GES and satellites should properly acquire and track
service link signals when the aircraft is moving at a ground speed of up to 2 800 km/h (1 500 knots) along
any heading. :

12.5.2 The AES, GES and satellites shall properly acquire and track service link signals when the
component of the aircraft acceleration vector in the plane of the satellite orbit is up to 0.6 g.

12.5.2.1 Recommendation.— The AES, GES, and satellites should properly acquire and track
service link signals when the component of the aircraft acceleration vector in the plane of the satellite orbit
isuptol.2g
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12.6 PERFORMANCE REQUIREMENTS
12.6.1 Satellite system service area

12.6.1.1 Recommendation.— The NGSS should provide a satellite system service area of
100 per cent of the surface of the Earth.

12.6.2 Failure Notification

12.6.2.1 In the event of a service failure, the NGSS shall provide timely predictions of the time,
location and duration of any resultant outages until full service is restored.

Note.— Service outages may, for example, be caused by the failure of a satellite, satellite spot beam,
or GES. The geographic areas affected by such outages may be a function of the satellite orbit and system
design, and may vary with time.

12.6.3 AES Requirements

12.6.3.1 The AES shall support packet data service, or voice service, or both.

12.6.3.2 The AES shall meet the relevant performance requirements contained in 12.6.4 and 12.6.5
for aircraft in straight and level flight throughout the satellite system service area.

12.6.3.2.1 Recommendation.— The AES should meet the relevant performance requirements
contained in 12.6.4 and 12.6.5 for aircraft attitudes of +20/-5 degrees of pitch and +/- 25 degrees of roll
throughout the satellite system service area.

12.6.4 Packet data service performance

12.6.4.1 If the system provides AMS(R)S packet data service, it shall meet the standards of the
following subparagraphs.

12.6.4.1.1 An NGSS providing a packet-data service shall be capable of operating as a constituent
mobile subnetwork of the ATN.

Note.— In addition, an NGSS may provide non-ATN data functions.
12.6.4.1.2 DELAY PARAMETERS
Note 1.— The terms used with respect to packet data service performance are based on the
definitions in ISO 8348 (first edition). In applying these definitions to the NGSS subnetwork layer, the word
“network” and its abbreviation “N” in ISO 8348 are replaced by the word “subnetwork” and its

abbreviation “SN”, respectively, wherever they appear.

Note 2.— Subnetwork performance may depend on a number of factors, including intensity of
communication traffic. The performance values given here apply during peak busy hours.
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12.6.4.1.2.1  Connection establishment delay. Connection establishment delay shall not be greater than
50 seconds.

Note.— Connection establishment delay, as defined in ISO 8348, includes a component, attributable
to the called subnetwork service user, which is the time between the SN-CONNECT indication and the
SN-CONNECT response. This user component is due to actions outside the boundaries of the satellite
subnetwork and is therefore excluded from the AMS(R)S specifications.

12.6.4.1.2.2 Transit delay, from-aircraft, highest priority. From-aircraft transit delay shall not be greater
than 23 seconds for the highest priority data service.

12.6.4.1.2.3 Transit delay, from-aircraft, lowest priority. From-aircraft transit delay shall not be greater
than 28 seconds for the lowest priority data service. ’

Note 1.— In accordance with ISO 8348, transit delay values are based on a fixed subnetwork service
data unit (SNSDU) length of 128 octets. Transit delays are defined as average values.

Note 2.— In any particular AES, lower priority from-aircraft traffic may be subject to additional
delay, depending on the amount and rate of from-aircraft traffic loading.

12.6.4.1.2. Transit delay, to-aircraft, highest priority. To-aircraft transit delay shall not be greater than
23 seconds for the highest priority data service.

12.6.4.1.2.5 Transit delay, to-aircraft, lowest priority. To-aircraft transit delay shall not be greater than
28 seconds for the lowest priority data service.

12.6.4.1.2.6  Data transfer delay (95th percentile), from-aircraft, highest priority. From-aircraft data
transfer delay (95th percentile), shall not be greater than 40 seconds for the highest priority data service.

12.6.4.1.2.7 Datatransfer delay (95thpercentile), from-aircraft, lowest priority. From-aircraft data transfer
delay (95th percentile), shall not be greater than 60 seconds for the lowest priority data service.

12.6.4.1.2.8 Datatransfer delay (95 percentile), to-aircraft, highest priority. To-aircraft data transfer delay
(95 percentile) shall not be greater than 25 seconds for the highest priority service.

12.6.4.1.2.9 Data transfer delay (95th percentile), to-aircraft, lowest priority. To-aircraft data transfer
delay (95th percentile) shall not be greater than 30 seconds for the lowest priority service.

12.6.4.1.2.10 Connection release delay (95th percentile). The connection release delay (95th percentile)
shall not be greater than 25 seconds in either direction.

12.6.4.1.3 INTEGRITY

Note.— Residual error rate includes the probability of undetected error, the probability of undetected loss
of an SNSDU, and the probability of an undetected duplicate SNSDU.
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12.6.4.1.3.1 Residual error rate, from-aircraft. The residual error rate in the from-aircraft ditection shall
not be greater than 10 per SNSDU.

12.6.4.1.3.2 Residual error rate, to-aircraft. The residual error rate in the to-aircraft direction shall not be
greater than 10 per SNSDU.

12.6.4.1.3.3 Connection resilience. The probability of a subnetwork connection (SNC) provider-invoked
SNC release shall not be greater than 10 over any one-hour interval.

Note. — Connection release resulting from GES-to-GES handover, AES log-off or virtual circuit
preemption are excluded from this specification.

12.6.4.1.3.4 The probability of an SNC provider-invoked reset shall not be greater than 0.1 over
any one-hour interval.

12.6.5 Voice service performance

12.6.5.1  If the system provides AMS(R)S voice service, it shall meet the requirements of the
following subparagraphs.

12.6.5.1.1 CALL PROCESSING DELAY

12.6.5.1.1.1 AES origination. The 95th percentile of the time delay for a GES to present a call origination
event to the terrestrial network interworking interface after a call origination event has arrived at the AES
interface shall not be greater than 20 seconds.

12.6.5.1.1.2 GES origination. The 95th percentile of the time delay for an AES to present a call origination
event at its aircraft interface after a call origination event has arrived at the terrestrial network interworking
interface shall not be greater than 20 seconds.

12.6.5.1.2 The total allowable transfer delay within the AMS(R)S subnetwork on a circuit-mode
channel shall not be greater than 0.485 second.

Note.— Total transfer delay for the AMS(R)S subnetwork is defined as the elapsed time commencing
at the instant that speech is presented to the AES or GES and concluding at the instant that the speech enters
the interconnecting network of the counterpart GES or AES. This delay includes vocoder processing time,
physical layer delay, RF propagation delay and any other delays within the AMS(R)S subnetwork.

12.6.5.1.3 VOICE QUALITY

12.6.5.1.3.1 The voice transmission shall provide overall intelligibility performance suitable for
the intended operational and ambient noise environment.

12.6.5.1.3.2 Recommendation.— Due account should be taken of the effects of tandem vocoders
and/or other analog/digital conversions.
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12.6.5.1.4 VOICE CAPACITY
12.6.5.1.4.1 The system shall have sufficient available voice traffic channel resources such that
an AES- or GES-originated AMS(R)S voice call presented to the system shall experience a probability of

blockage of no more than 0.01.

Note.— Available voice traffic channel resources include all preemptable resources, including those
in use by non-AMS(R)S communications.

12.6.6 Security
12.6.6.1 The system shall provide features for the protection of messages in transit from tampering.

12.6.6.2  The system shall provide features for protection against denial of service, degraded
performance characteristics, or reduction of system capacity when subjected to external attacks.

Note.— Possible methods of such attack include intentional flooding with spurious messages,
intentional corruption of system software or databases, or physical destruction of the support infrastructure.

12.6.6.3 The system shall provide features for protection against unauthorized entry.

Note— These features are intended to provide protection against spoofing and “phantom
controllers”.

12.7 SYSTEM INTERFACES

12.7.1 The NGSS shall allow subnetwork users to address AMS(R)S communications to specific
aircraft by means of the ICAO 24-bit aircraft address.

12.7.2 The system shall annunciate a loss of communications capability within 30 seconds of the
time when it detects such a loss.

Note.— Provisions on the allocation and assignment of ICAO 24-bit addresses are contained in
Annex 10, Volume III, Appendix to Chapter 9.

12.7.3 Packet data service interfaces

12.7.3.1 Ifthe system provides AMS(R)S packet data service, it shall provide an interface to the
ATN.

Note.— The detailed technical specification related to provisions of ATN-compliant subnetwork
service are contained in Section 5.2.5 and Section 5.7.2 of Doc 9705 — Manual of Technical Provisions for
the Aeronautical Telecommunication Network.

12.7.3.2  If the system provides AMS(R)S packet data service, it shall provide a connectivity
notification (CN) function.
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12.7.4 Voice service interfaces

12.7.4.1 If the system provides AMS(R)S voice services, AES and GES voice signalling and
service procedures shall interwork with external telephony networks through a signalling interface consisting
of a standardized set of interworking telephony events that conform to a recognized international telephony
interface standard.

End of new text.
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INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES

AERONAUTICAL
TELECOMMUNICATIONS

ANNEX 10
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME HI — COMMUNICATION SYSTEMS

(PART I — DIGITAL DATA COMMUNICATION SYSTEMS)

CHAPTER 4. AERONAUTICAL MOBILE-SATELLITE SERVICE

4.1 DEFINITIONS AND DESCRIPTIONS
OF CHANNEL TYPES; GENERAL;
SYSTEM CAPABILITIES

4.1.1 Definitions and descriptions of channel types

4.1.2 General

4.1.2.1 When aeronautical mobile-satellite service (AMSS), using near-geostationary orbiting satellites,
is installed and maintained in operation as an aid to air traffic services, it shall conform with the provisions
of 4.1 to 4.10 or with the provisions of Annex 10, Volume III, Part I, Chapter 12.
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INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES

AERONAUTICAL
TELECOMMUNICATIONS

ANNEX 10
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME V
(AERONAUTICAL RADIO FREQUENCY SPECTRUM UTILIZATION)

CHAPTER 4. UTILIZATION OF FREQUENCIES ABOVE 30 MHZ

4.122 Until at least 1 January 2005, DSB-AM equipment specifically designed for 25 kHz channel
spacing shall be safeguarded with respect to its suitability for the Aeronautical Mobile (R) Service (AM(R)S)
except in those regions or areas where regional agreement permits the use of equlpment spemﬂcally designed
for 8.33 kHz channel spacing or: f‘or VDL Mode 3 when used for air-ground voice communications.

4.1.2.2.1 Requirements for mandatory carriage of equipment specifically designed for 8.33 kHz channel
spacing shall be made on the basis of regional air navigation agreements which specify the airspace of
operation and the implementation time-scales for the carriage of equipment, including the appropriate

lead-time. Suchregiomatairnavigatiomagreements-shattnot-become-applicable-before+Janary1998.




4.12.4 Inregions where 25 kHz chanpel spacing (DSB-AM and VHF digitallin )) and 8.33 kHz
DSB-AM channel spacing are in operation, the pubhcatlon ofthe assxgned frequency or channel of operation
shall conform to the channel contained in Table 4.1 (bis).

Note.— Table 4.1 (bis) provides the frequency channel pairing plan which retains the numerical
designator of the 25 kHz DSB-AM environment and allows unique identification of ¢ azs 7cHz VDL and
8.33 kHz channel.
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4.1.3 Frequencies used for r
particular functions

Table 4-1 (bis). Channelling/frequency pairing

Frequency ﬁm: Channel spacing Channel
(MHz) slot (kHz)

118.0000 25 118.000
118.0000 A 25 118.001
B 25 : 118.002
¢ 25 118,003
D 25 118.004
118.0000 8.33 118.005
118.0083 833 118.010
118.0167 8.33 118.015
118.0250 A 25 118.021
B 25 o 11802
c 25 118.023
D 25 118.024
118.0250 25 118.025
118.0250 8.33 118.030
118.0333 8.33 118.035
118.0417 8.33 118.040
118.0500 25 118.050
A 25 118.051
B 25 118,052
c 2 118,053
o} 25 118.054
118.0500 833 118.055
118.0583 8.33 118.060
118.0667 8.33 118.065

AL B

B 2

¢ 25

D 25
118.0750 25 118.075
118.0750 8.33 118.080
, 118.0833 8.33 118.085
118.0917 8.33 118.090
118.1000 25 118.100

etc.




41321 In remote and oceanic areas out of range of VHF
communications channel on the frequency 123.45 MHz shall be avai
contained in Annex 10, Volume III, Part II, Chapter 2.

: rid-wide basis to
provrde a common signalling channel (CSC) to the VHF dzgztal link (VDL) for VDE 2. This CSC uses

the Mode 2 VDL modulation scheme and carrier sense multiple access (CSMA).

4.1.8 Plan of assignable VHF radio frequencies
for use in the international aeronautical
mobile service

Introduction

Where all the channels of Groups A, B, C, D and E of the lists in 4.1.8.1.2 below are insufficient to meet
the requzrements of a region, a part or parts of the band be deszgnate as containing

shanne Is/-mrd thea approprzate frequenc;es from Groub Fsh
4 1812 It should be noted that the designation of frequenczes in Group F di ﬁ"ers from that of the
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Although for Group F a preferred order of selection is not indicated, regional planning may require a
particular selection of frequencies from this group in order to cater for specific regional circumstances.

In many regions particular frequencies have already been assigned for particular functions as, for
instance, aerodrome or approach control. The plan does not make such assignments (except in respect to
the emergency channel and ground service frequencies), such action being taken regionally if considered
desirable.

4.1.8.1.1.1 When the number of frequencies required in a particular region exceeds those available in
Groups A to E of 4.1.8.1.2 below, parts of the band shall be designated as containing 8.33 kHz width
channels (voice) or as. comammg VDL Mode 3. ; andA-appropriate frequencies shall be selected from
S ' I inel assignments or from Groups A toE in accordance with the
ats in accordance Wlth Table 4-1(bis) for VDL Mode 3. The remainder of the band shall
contmue to be used for 25 kHz width channels selected from the appropriate parts of Groups A to E.

Note 1.— The frequencies 121.425 - 121.575 MHz inclusive, 123.075 - 123.125 MHz inclusive and
136.500 - 136.975 MHz inclusive are not available for assignment to channels of less than 25 kHz width.

Note 2.— Services that continue operation using 25 kHz assignments will be protected in regions
~ implementing 8.33 kHz channel spacing.
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INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES

AERONAUTICAL
TELECOMMUNICATIONS

ANNEX 10
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME III — COMMUNICATION SYSTEMS

(PART 11 — VOICE COMMUNICATION SYSTEMS)

CHAPTER 4. AERONAUTICAL SPEECH CIRCUITS

4.1 TECHNICAL PROVISIONS RELATING
TO INTERNATIONAL AERONAUTICAL SPEECH
CIRCUIT SWITCHING AND SIGNALLING FOR
GROUND-TO—GROUND APPLICATIONS

Note—— Guzdance material on aeronautical speech circuit switching and szgnallmg Jor
; ms is contained inFEAG-Circutor+83- the Manual on Air Traffic Services (ATS)

4.1.1 The use of circuit switching and signalling to provide-point=to=point speech circuits to
interconnect-areacontrotcentres ATS units not interconnected by dedicated circuits shall be by agreement
between the Administrations concerned.

4.1.2 The application of aeronautical speech circuit switching and signalling shall be made on the
basis of regional air navigation agreements.

4.1.3 Recommendation.— #Where—implemented—aeronautical-speech—circuit—switching—and
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£ 11
(74 Lorycr CrniLtc Luiiing,

mned—mfkbﬁmcd—ammmﬁcaﬂyfo-mrappmpﬂm-opmuﬂngjmmn— The ATC communication

requirements defined in Annex 11, Section 6.2 should be met by implementation of one or more of the
following basic three call types:

a) instantaneous access;
b) direct access; and

) indirect access.
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4.1.5 Recommendation.— The characteristics of the-ringing—tome—the—busytore—and-the
cngestmn-tonecxrcuzts used in aeronautical speech circuit switching and signalling should conform to#Ft

GG}HReconmrendatmn-E—I-BO-appmpri&te ISO/IEC international standards and ITU-T recommendations.

Note—DBetailsof FEFCCIFER otion 180 edinCCEFF¥elow-Book—Vor
H—Fuascicte 2~

Note— References to, and other material on; the relevant ISO/IEC standards and ITU-T
recommendatzons are contained in the Manual on Air Traffic Services (ATS) Ground Voice Networks.

4.1.6 Recommendation.—?hwmnbwbrgphnme&ﬁmermfauﬁmhpewhtﬁcuﬂwﬂchﬁtgmﬂ

IVUIC - 1 I

signalling sysmms should be used wherever their use can be justtf ed in terms of any of the fol?o%mg
a ‘imﬁi‘oved quality of service;
" b . improved user facilities; or

 reduced costs where quality of service is maintained.

Manual on Air Traffic Servxces (ATS) Ground Volc .N’etworks:

4.1. 7 Recommendatlon — #shoufdvmt-bevtecmwy-to-dr#fhrnreaﬂdemﬁer-wde-mrmﬂs

—END—



